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SUMMARY 
The optimum preparative conditions for the 
replacement of a hydrazino group by a hydrogen atom 
in hydrazino_azanaphthalenes have been established. 
It was found that the ionisation constant associated 
with the hydrazino group, the position of the group 
in the ring , and the pH range in which the product 
was stable , largely determined the choice of the 
reagent. In acidic conditions copper sulphate (in 
water or acetic acid) was most effective provided that 
the hydrazino g roup remained unprotonated and this 
method was adapted to replace a hydrazino group by 
a deuterium atom o Oxygen (in the presence of 
ethanolic sodium hydroxide) was the best reagent under 
alkaline conditions . Mercuric oxide and silver 
acetate were only of use when the hydrazino group 
was in an a position to a ring nitrogen atom . 
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SECTIO AI 
INTRODUCTIO 
(1) Opening Remarks. 
The object of this study was to find the best 
methods and conditions for replacing a hydrazino group 
by a hydrogen atom (-NHNH2~ ~H) in nitro gen hetero cyclic 
systems. This repl acement is a useful preparative method 
for nitrogen heterocycles and one important application 
is the deoxygenation of hydroxy compounds so frequently 
produced by cyclisation during the formation 0 f a nitro gen 
containing ring . Thus 4_hydroxy_l, 6_naphthyridine (r) 
was converted to 1,6~naphthyridine (IV) by conversion of 
the hydroxy group into a hydrazino group and oxidation of 
the latter (Scheme Ii Albert , 1960) . 
From this study a method of selectively replacing 
a hydrazino group by a deuterium atom emerged . 
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(2) Historical Outline. 
(i) A brief critical appraisal of other methods of 
effecting the same overall transformation without 
the use of hydrazino compounds . 
The replacement, by hydrogen atom, of an active 
halogen atom, active methylthio group , or aromatic amino 
group , which are the usual precursors to hydrazino compounds , 
will be briefly reviewed. 
(a) Oxidation of a p_tosylhydrazide. 
A compound containing an active halogeno substituent 
is converted into the corresponding £-tosylhydrazide by the 
action of E-tosylhydrazine. On refluxing the £-tosylhydrazide 
in aqueous or alcoholic alkali, the tosylhydrazino group is 
replaced by a hydro gen atom . This method has been used 
successfully with acridines (Scheme II, Albert and Royer, 
1949) and cinnolines (Alford and Schofield, 195Ja). The 
method requires the product to be stable in alkaline media. 
(b) Catalytic reduction using hydrogen. 
A halo geno substituent can be replaced by a hydrogen 
atom by catalytic reduction using hydrogen. Thus treatment 
of an thanolic solution of 9 _chloroacridine (VIII) with 
hydrog n in the pr senc of Raney nickel and one equivalent 
of potassium hydroxid yi ld d acridine ( ) (Albert and 
Willis, 1946), but th dis dvantage was over reduction 
3 
to acridan (IX) which had to be oxidised to acridine 
(Scheme III). In the attempted conversion of 4-chloro-
quinazoline to quinazoline, Armarego (1961 ) demonstrated 
that troublesome poisoning of the catalyst occurred and 
that the nature of the solvent was critical . This method 
cannot be applied to compounds containing easily reducible 
groupS (e. g . - 02)' 
(c) Catalytic reduction using hydrazine. 
An active or aryl chloro substituent was replaced 
by hydrogen atom by refluxing in ethanol or methyl cellusolve 
with hydrazine and palladium on charcoal (Mosby, 1959). 
Amongst nitrogen het erocyc les the method has been applied 
successfully, for example, to 2_amino_4_chloropyrimidine, 
2 _chloroquinoline and 5_chloro-2-methylpyridine. 
(d) Use of active magnesium. 
Aryl and aliphatic halo geno substituents were 
replaced by a hydrogen atom on refluxing in £_propanol 
with active magnesium in the presence of iodine (Bryce-Smith, 
ivakefi ld, and Blues, 1963). The method has not been 
applied to any halo geno nitrogen heterocycles . 
(e) Use of copper. 
Active copper in molten benzoic acid has been 
used to remo e a chloro -substituent from some c hloro-
(I) OH 
(IV) 
CI 
CI 
(VIII) 11 • 
4 
' >-
(II) t CI 
< 
SCHEME (I) (III) NHNH2 
NHNH,tosyl 
SCHEME (II) 
(J X) 
+ 
SCHEME (III) 
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nitropyridines (Baumgarten, Su , and Krie ger , 1954; Brown , 
1 954) . The conditions are too vigorous for use with many 
nitrogen heterocyclic systems . 
(f) Use of hydriodic acid . 
Refluxing hydriodic acid and red phosphorus 
transformed 1,3_dichloroisoquinoline into 3_ chloroisoquinoline 
(Haworth and Robinson , 1948). 6 _Chloro-5-nitro-2-picoline 
has been converted to 5 _nitro - 2 - picoline on refluxin g with 
a solution of sodium iodide in formic acid but under the 
same conditions , 6 _chloro - 3-nitro - 2-picoline yielded 
6_hydroxy- 3-nitro - 2 - picoline (Baumgarten , Su , and Krieger , 
1954 ). These conditions are too vigorous for many hetero -
cyc lic systems and easily reducible groups would be attacked . 
( g) Use of Raney nicke l. 
Removal of thiol and methylthio groupS using 
Raney nickel has been widely successful , for example, the 
pyrimidine series , ( Boarland , McOmie , and Timms , 195 2 ). 
Easily reducible g roupS were attacked, for example in 
5 _bromo_2 _methylthiopyrimidine yie l ded pyrimidine (McOmie 
and White, 1953). 
(h) Reduction of Diazonium compounds , 
Aromatic amino groupS can be replaced by a hydro gen 
atom by conversion to the diazonium ion followed by reduction 
o 
6 
(e. g . with hypophosphorous acid or copper and alcohol). The 
s ubject is a complex one, ( Saunders , 1 949) . This method is 
unlikely to be successful with an amino group a or y to a 
ring nitro gen atom. 
Co n c lusion. 
If the use of hydrazino compound s is to be avoided, 
the number of methods of achieving the overall change is 
limited, and a severe drawback is that each method cannot be 
suc c essfully applied to a large range of systems. 
(ii) The replacement of the hydrazino group by a 
hydrogen atom in aryl and nitrogen heterocyclic 
systems . 
(a) Introduction. 
Previous work on the replacement of the hydrazino 
group by a hydrogen atom will be outlined. Examples of this 
replacement with arylhydrazines and hydrazino nitrogen 
heterocycles are discussed. With the exception of the 
1, 2 -diazafluoranthene (XXVII), 4,6-diazapyrene (XXVI) and 
purine ( II) systems, the nitrogen heterocyclic systems 
considered are restricted to azabenzenes, azanaphthalenes and 
aza-anthracenes. 
(b) Use of 0 ygen. 
Chattaway (1907) found that arylhydrazines, when 
in bulk, wer not readily 0 idised by oxygen. E tending the 
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area of contact between the hydrazine and oxygen , either 
by powdering solid hydrazines, or extending liquid hydrazines 
in films, greatly accelerated the reaction. Phenylhydrazine 
was studied at 200 (8 day reaction) and from the amount 
of benzene produced , oxygen consumed , and nitro gen evolved , 
Chattaway showed that reaction (1) proceeded almost 
quantitatively. ~7 and E_Tolylhydrazines, 
2PbNHNH2 + 02 ~ 2PhH + 
E_bromophenylhydrazine, and 1-, and 2_naphthylhydrazines 
behaved similarly . I{hen ethanol was used as solvent , 
the rate of oxidation decreased. The addition of potassium 
hydroxide to this ethanolic solution increased the rate of 
oxidation which reached a maximum >"hen one molar proportion 
was added . With phenylhydrazine and ethanolic 4 _potash 
(one molar proportion) reaction (1) was complete within 
thirty minutes. Dilution of the system lowered the rate 
of reaction as did the substitution of water for ethanol 
or the use of more than one molar proportion of potassium 
hydroxide. 
All the potassium hydroxide could be recovered 
unchanged at the completion of the reaction except for a 
small conversion into carbonate . 
The rate of reaction 
diminished in the series phenylhydrazine :> E_bromophenyl-
hydrazine;> ~_tolylhydrazine;> E_tolylhydrazine. In the 
absence of oxygen no nitrogen was evolved, and in 
concentrated alkaline solution the potassium salt of 
phenylhydrazine was formed. 
This salt was rapidly oxidised 
j 
8 
on exposure to air . Chattaway's (1907) work implied that 
the oxidation was base catalysed . 2 , 4 -Dinitrophenylhydrazine 
has been studied under similar aqueous alkaline conditions, 
(Macbeth and Price, 1934). m-Dinitrobenzene was isolated, 
but because of the nitro groups large amounts of 6 -nitro-l-
hydroxy-l,2,3-benzotriazole and ~,~'_dinitroazoxybenzene 
were also produced. Holland , Moore , and Tamborski (1964) 
studied the action of refluxing aqueous sodium hydroxide 
on a series of para_substituted- 2 , 3 , 5,6 - tetrafluoro p heny l -
hydrazines in the presence of air . The hydrazino group 
was replaced by a hydro gen atom in high yield (normally 
:> 7 0 %) , but replacement of a su bsti tuent in the ortho or 
para position by a hydrogen atom also occurred . 
The results obtained by other workers from the 
oxidation of hydrazino nitrogen heterocyc les with oxygen 
are summarised in Table T. The experiments of Theilepape 
and Spreckelsen (1922) were obtained under forcin g conditions 
and have little preparative significance. Chattaway and 
Aldrid5e (1911) showed that on pyrolysis phenylhydrazine 
underwent autoxidation-reduction according to reaction (2) • 
.:c 
The other results in Table ~ were obtained under mild 
conditions (25 0 ) and 
+ + PhH 
( 2) ...... 
+ 2 
ar of preparative significance, although the conversion 
(~55% ) were much lower than with simple phenylhydrazines 
1 9 
Albert (1965) used air , ethanolic sodium 
hydroxide and finely divided platinum for hydrazino-
acridines. Temple, Kossner, and Montgomery (1965) found 
that the rate of reaction was greater with oxygen than with 
air. Low conversions may have resulted from the formation 
of hydroxy compounds (as in 6 -hydraz inopurine) o~ by 
decomposition of the product under alkaline conditions 
(3_hydrazino_l, 2~diaz afluoranthene) . 
TABLE I 
Oxidation of hydrazino nitrogen heterocycles using oxygen. 
Compound 
(see note .JJ 
2~hydrazinopyridine (XI) 
2 -hydrazino-4-
methylquinoline (XIV) 
9 -hydrazinoacridines (XXIV) 
Unsubs tituted 
4-Methoxy 
30 
55 
40 
2 ~cyano 35 
3-hydrazino-l,2-
diazafluoranthene (XXVII) 54 
o 
6 _hydrazinopurines (XXIII) 
Unsubs tituted o 
otes 
a 
b 
d 
d 
e 
f 
g 
Reference 
Thielepape and 
Spreckelsen (19 22 ) 
Albert (19 65) 
Dokunikhin and 
Mikhalenl<o (19 64) 
Elion, Burgi and) 
Hitchings ' (i95 2 I 
10 
TABLE I (CONT'D) 
9 - benzyl 35 
Notes 
h 
i 
Temple, Kossner 
and Montgomery 
(1965) 
a With KOH (0.125 molar proportion) at 140-1600 (14 hrs.). 
Product was pyridine (no yield quoted). 
b With KOH at 150-1800 (72 hrs.) . 
c In ethanol (Pt present) with NaOH (6 molar proportions) 
at 25 0 (24 hrs.) . 
d In ethanol (Pt present) with NaOH (0 . 125 molar proportion) 
at 25 0 (3 hrs.). 
e In ethanol in pre sence of air (25 0 ) . 
f In alcoholic alkali in presence of air (25 0 ) l - cyano - 9-
h 
o ofluorene (10%) was produced . 
At pH 11 and 25 0 • 
quoted) . 
Product was 6-hydroxypurine (no yield 
Aqueous aOH at 25 0 , product was purine (no yield 
q oted) . 
i At pH 7 and 25 0 • 
j Roman numeral in brackets after t e c ompound refers to 
the structural formula of the parent heterocycle shown 
at the end of Section AI(2) . 
( c) Use of cupric compounds . 
The oxidation of phenylhydrazine with Fehling!s 
solution has been extensively studied in an attempt to find 
11 
a method for the quantitative estimation of phenylhydrazine. 
Strache (1891 ) , showed that phenylhydrazine evolved all its 
nitrogen in this reac tion, and Strache and Kitt (1 892) , by 
the gravimetric estimation of the cuprous oxide produced, 
found that one mol e of phenylhydrazine was equivalent to 
three moles of copper sulphate. 
2+ 2Cu ---7 PhH + + 
2+ H20 + 4Cu --7 + 
N2 + 
PhOH 
+ 
+ + 
+ 2Cu • . .• ( 3) 
+ 4Cu •••• (4) 
From equations (3) and (4) it was concluded that benzene 
(50 %) and phenol (50%) were produced. Strache and Kitt 
(1892) isolated only benzene (no yield specified) and phenol 
(8 %) from the reaction mixture. 
Britton and Clissold (1942) carried out a potentio -
metric study of the oxidation of phenylhydrazine by cupric 
ions under nitr o gen at 93 . They isolated no products, 
but determine d the amount of copper sulphate consumed under 
varying conditions of pH and cal culated theoretical yields 
of benzene and phenol using equations (3) and (4). The 
results of Britton and Clissold (1942) are summarised in 
Table II . The results were not re l ated to the pH of the 
system in a simple manner, but it is noted that in the 
presence of sodium tartrate the apparent yield of benzene 
was much lower. At times a deposit of copper was observed 
on the platinum electrode , hence a ll the apparent yields of 
benzene were too hi gh ( see equations (5) and (6~ 
lL 
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TABLE II 
Potentiometric study of the oxidation of phenylhydrazine by 
Cu 2+ (Britton and Clissold, 1942). 
System (a) pH Apparent 
yield 
benzene % 
Apparent 
yield 
phenol % 
34-62 
Cus0
4 
(1) Na2T(4.6) Na2HP04 (15) 
CuS0
4 
(1) NaHC0 3 (68) Na2C0 3 ( 68) 
CuS0
4 
(1) Na2T(4 e 6) Na2B4 07 (10) 
CuS 0 4 (1) AcOH(lO) AcO a(lO) 
CuS0
4 
(1) AcOH(200) AcO a(200) 
CuS 0 4 (1) AcO a(200) 
Notes 
Molar ratios in brackets. 
10.4 
9.0-10.0 
8.8 
30 
84 
26 
100 
a 2T is sodium tartrate. 
70 
16 
74 
Yield varied with Cu2+ concentratione Maximum yield 
was at 0.15 M and minimum yield at 0.20 M. Range 
was 0.01 M to 0.20 M. In other systems the range 
was usually 0.01 M to 0.03 M. 
(£) This is the conventional Fehling!s solutione 
Cuprous complexes (eo g . acetate) in which the bonding is 
mainly ionic are unstable and will disproportionate into cupric 
ion and copper (Perrin, 1966). In this connection it is 
+ 
+ 
Cu2~ PhH + 2H+ + 
H
2
0 + 2Cu2+~ PhOH 
2 + Cu 
+ 2 + 
2Cu 
( 6 ) 
13 
+ 
surprising eu was stabilised at pH 5 (see TableII). With 
copper sulphate, Hardie and Thomson (1957) noted that in 
aqueous solution phenylhydrazine was converted into benzene 
(11% estimated as ~-dinitrobenzene), but in aqueous pyridine 
a mixture of 2 - and 4 -phenylpyridine (8%) was produced . 
Haller (1885) obtained mesitylene (no yield quoted) from 
hydrazinomesitylene. A series of nitrophenylhydrazines 
were converted into the appropriate nitrobenzenes (no yield 
quoted) with aqueous ethanolic copper sulphate (Maaskant, 
1937). Tamborski and Soloski (1966) obtained 2 , 3 , 5 , 6 -
tetrafluorobenzonitrile (53%), 2 ,3, 5 , 6 -tetrafluorobromobenzene 
(47 %) , 2 ,3, 5 , 6 _ tetrafluorotoluene (77 %), and 2 ,3, 5 , 6 -
tetrafluorotrifluoromethylbenzene (70%) by the actionof 
aqueous copper sulphate on the appropriate 4 - substituted-
2 ,3, 5 , 6 _tetrafluorophenylhydrazlne. Pentafluorophenylhydrazine 
similarly yie l ded pentafluorobenzene (77 %; Birchall , 
Haszeldine, and Parkinson, 1962). Rekasheva and Gruz , 
(1 953) oxidised phenylhydrazine with copper sulphate in 
aqueous acetic acid containing deuterium oxide (concentration 
varied) and obtained a mixture of benzene and deuterobenzene. 
Their results suggested that phenylhydrazine, when oxidised 
by aqueous copper sulphate , was converted to an intermediate 
which transferred a hydro g en atom intramo1ecu1arly to yield 
benzene and nitrogen. 
The results obtained by other workers from the 
oxidation of hydrazino nitrogen heterocycles with cupric 
14 
compounds are summarised in Table III . It can be seen 
that aqueous copper sulphate or copper sulphate in aqueous 
acetic acid has bee n extensively used to replace a hydrazino 
group by a hydrogen atom amongst nitrogen heterocycles . 
Th ese were oxidations under acidic conditions and , with the 
exception of the hydrazino - nitropyridines and 9-hydrazino-
acridine , when there was only one doubly - bound nitrogen 
atom per ring or fused ring (e e g . pyridines , quinolines and 
naphthyridines) conv ersions of greater than 60% were n ormal l y 
achieved . With two or more doubly- bound nitrogen atoms 
per ring or fused ring , the conversions were usually reduced 
and often the required product was not isolated , (e . g . 
4 _hydrazinoquin azo l ine , 4 - hydrazinopteridine , J - chloro - 4 -
h ydrazin ocin no l i n e , 2_hydrazino _10_H_pyridazino ( J , 2 _b)quinaz -
ol in-10 - one , 4 _hydrazino - l , 2 , J -b~nzotriazene and J-hydrazino -
1, 2 - diazafluoranthene) . The effect of cupric compounds in 
alkal ine media has rarely been studied . 
TABLE III 
Oxidat~ ons of h ydrazino nitrogen heterocycl es with cupric 
compoun ds . 
Compound 
( see note ~ ) 
PYRIDINES ( 
2 _hydrazino pyridin es 
Unsubstituted 
otes 
75 a 
Reference 
Thie l epape and 
Spreckelsen (1922 ) 
15 
. TABLE III ( CO T'D) 
5-nitro 
3-methyl-5-nitro 
6 -methyl - 3-nitro 
6 - methyl - 5-nitro 
3 , 5 - dibromo - 4 -methy1 
6 _ ch1oro - 4 - carboxy1ic 
acid 
6 -hydrazino - 4 -
carboxylic acid 
4 _hydrazinopyridines 
2-ch1oro-5-
ethy1carboxy1ate 
other pyridines 
2 _(E_hydrazinophenyl ) 
2_hydrazino -4-methy1 
3_hydrazino - 2 -methy1 
4 _hydrazino 
7_ch1oro-4 -hydrazino 
4_hydrazino-7-phenoxy 
4_hydrazino-8-methy1 
50 
53 
30- 43 
15-2 0 
30 
45 
45 - 50 
74 
98 
75 
65 
67 
c 
c 
a 
a 
c 
a 
~ , ~ 
a 
a 
a 
~,!!! 
" Rath (1931) 
Brown (1954) 
Baumgarten and Su 
(195 2 ) 
van der Does and 
den Hertog (19 65) 
Thie1epape and 
Sprecke1se n (19 22) 
" " 
den Hertog , Schogt , 
de Bruyn , and de 
K1erk (195 0 ) 
Forsyth and Pyman 
(19 26 ) 
Thie l epape (1922 ) 
Robinson and Robinson 
(1924) 
Suzuki (19 61 ) 
Surrey and Cutler 
(1946) 
Clinton and Suter 
(1947) 
Backeberg and 
Friedmann (1938 ) 
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TABLE III (CONT1D) 
ISOQUINOLINES 
hydrazino-~ ­
gnoscopine (XXVIII) 60 
ACRIDI ES (XXIV) 
9-hydrazino 
f Hope and Robinson 
(1914) 
a Albert (1964) 
NAPHTHYRIDINES (position of ring nitro gen atoms in brackets 
after substituent). 
4-hydrazino (1,6)(XVI) 60 
5-hydrazino (1,6)(XVI) 71 
7-methyl-5-hydrazino 
(1,6)(XVI) 
4-hydrazino (1,7) 
2-methyl-5-hydrazino 
(1,8) 
1,J-dihydrazino (2~6) 
60 
49 
52 
l-hydrazino ( 2 ,7)(XVII) 7 6 
l-hydrazino-J-methyl 
( 2 ,7 )( XVII) 
l-hydrazino-J-phenyl 
(2,7) (XVII ) 
59 
55 
c 
c 
g 
a 
c 
Albert (1960) 
Ikekawa (1958a) 
Ikekawa (1958c) 
Albert (1960) 
Brown (1965) 
Tan and Taurins 
(1965) 
b Giacomello , 
c 
c 
a 
Gualtieri , Riccieri, 
and Stein (1965) 
Ikekawa (1958b) 
Bobbitt and Doolittle 
(1964) 
17 
TABLE III ( CONTID) 
PYRIMIDINES (XII) 
2_hydrazinopyrimidines 
4-hydrazino 1 a Boarland , McOmie , 
and Timms (1 952) 
4-methyl 17 h Sirakawa (195Jb) 
4,6-dimethyl 62 a Boarland , Mcomie~ 
and Timms (1952 
6-hydroxy-4-methyl 45 a Sirakawa (195Ja) 
4-hzdrazinoEzrimidines 
6 - amino-5-nitro 5 a 
6-amino - 2-methyl - 5 - Biffin (19 6 6) 
nitro 20 a 
PYRIDAZINES (XIII) 
J_hydrazinopyridazine s 
5-amino-4-chloro ~,£ Guither, Clark, and 
~,£ Cas tle (19 65) 4-amino-5-chloro 
QUINAZOLINES (XX ) 
4_hydrazino 2 a Armarego (1966) 
trace £,1 Dewar (1944) 
0 ~,.1 Schofield and Swain (195 0 ) 
4_hydrazino-6-methoxy- (1944) 8-nitro 0 r Dewar 
1 18 ........ I 
TABLE III ( CO TfD) 
PHTHALAZINES (XIX) 
1 - hydrazino 60 g Armare g o (1961) 
1 , 4-dihydrazino 7 Parsons and Rodda 
(196 6 ) 
CINNOLINES (XVIII) 
4 - hydrazinocinno1 ines 
Unsubstituted a 
3-ch1oro o Schofield and Swain 
(195 0 ) 
6 - ch1oro 33 a 
6 - bromo 27 a 
MISCELLANEOUS SYSTEMS 
4 - hydrazinopteridine 
(XXI) 0 1 Al bert , Brown and 
lfood (1954) 
5 -10 - dihydrazino - 4 , 9 -
diazapyrene ( XXVI) ~ ,£ Gaw1ak and Robbins 
(1964) 
2 - hydrazino - 10- H-
pyridazino(3 , 2 -
b)quinazo1 in- 10- one 
(XXV) ~ ,£ Yanai , Kinsoshita , 
akashima , and 
akamura (19 65) 
3 - hydrazino -1, 2 -
diazaf1uoranthene 
( XXVII ) 0 ~ , £ , :g Dokunikhin and 
Mikha1enko (19 64) 
4_hydrazino - benzo -
1 , 2 , 3 - triazene 
methane sulphonate 0 £ ,£ 
(XXII ) Parnell (1961) 
0 £ ,E. 
u 
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Notes 
a 
b 
c 
d 
e 
Using aqueous CuS0 4 • 
No yield quoted. 
Using CuS04 in aqueous acetic acid. 
o yield quoted. No proof of identity of product. 
Using CuS04 in aqueous sulphuric acid. 
fUsing Cu (OAc)2 in aqueous acetic acid. 
g Using aqueous CuS04 and then Cu(OH)2 in aqueous NaOH. 
h Usin g Cu (OH)2 with aqueous aOH. 
i Using Fehling's solution. 
j Unknown product, probably containing an oxo group, 
k 
1 
m 
n 
was produced. 
Tar produced. 
Product unknown. 
With CuS0
4 
in acidic solution. Acid unspecified. 
l-Cyano-9-oxofluorene (85%) produced. 3-Hydrazino-9-
methyl-l,2-diazafluoranthene behaved simil arly. 
o With CuS0
4
/H20, benzaldehyde and salicylonitrile were 
produced. 
P With cuc~cuS04/aqueous HCl o-chlorobenzonitrile and 
~-chlorobenzaldehyde were produced. 
~ Complex formed which was refluxed in aqueous HCl for 
four days. 
r Resisted oxidation with cupric salts. 
s Roman numeral in brackets after the compound refers 
1 
... 
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Notes (conttd) 
to the structural formula of the parent heterocycle 
shown at the end of Section AI(2). 
(d) Use of argent ous compounds. 
Apart from an observation by Bodforss (1924) that 
one mole of phenylhydrazine was equivalent to 3 . 58 moles 
of silver nitrate (volumetric estimation in water) , the 
action 0 f silver nitrate on arylhydrazines has not been 
quantitatively investi g ated. Using silver oxide and 
water , Chattaway (1908a) stated that the main product was 
benzene, whereas Hardie and Thomson (1957) obtained only 
a 21% yield of benzene (estimated by conversion to ~­
dinitrobenzene). The oxidation of 2 ~naphthylhydrazine , 
in benzene, with silver oxide (Hardie and Thomson , 1957), 
yielded naphthalene (30%) and 2 - phenylnaphthalene (9%). 
Biphenyls were isolated from the oxidation of phenyl-
hydrazines in aromatic solvents using silver oxide (Hardie 
and Thomson, 1957). 
The results of the oxidation of hydrazino nitro gen 
heterocycles with argento~ compounds are summarised in 
Table IV . The replacement of a hydrazino group by a 
hydrogen atom has been successfully achieved in the pyrimidine 
series with silver acetate , (van der Plas, 1965; Biffin, 
1966), with conversions normally greater than 50 %. The 
only other e amples of the use of silver acetate were:-
2l 
2-hydrazino-3,5-dinitro pyridine, l-hydrazino-4-nitroi s o-
quinoline and 9-hydrazinoacridine. Where the hydrazino 
group is a to a ring nitro g en atom the conversion was usually 
hi gh. The act ion of silver oxide has only been studied with 
l,4-dihydrazinophthalazine. 
TABLE IV 
Oxidation of hydrazino nitro g en heterocycle s with ar g ent ous 
compound s. 
Compound 
(see note e) 
2-hydrazino-3,5-
dinitropyridine (XI) 
l-hy drazino-4-
nitroisoquinoline (XV) 
9-hydrazinoac ridine (XXIV) 
l,4-dihydrazinophthalazine 
(XIX) 
4-hydrazinopyrimidines (XII) 
5-bromo-6-t-butYl 
5-bromo-6-methyl 
5-bromo-6-phenyl 
6_amino-2-methyl- 5 -nitro 
6_amino-5-nitro 
83 
20 
lO 
20-34 
2l 
5l 
6 5 
68 
20 
otes 
a 
a 
b 
d 
a 
a 
a 
b 
b 
Reference 
Plazek (l953) 
Ochiai and Kawazoe 
(l960) 
Albert (l964) 
Parsons and 
Rodda (l966 ) 
v an der Plas 
(l9 65) 
Biffin (l966) 
-I 
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Notes 
a 
b 
c 
d 
e 
Using AgOAc/H20. 
AgOAc and aqueous acetic acid . 
Using ammoniacal alcoholic Ag OJ' 
Using Ag20. 
The Roman numerals in brackets after the compound 
refer to the structural formula of the parent 
heterocycle which is shown at the end of Section 
AI(2). 
(e) Use of some transition metal oxides. 
The action of transition metal oxides on simple 
primary arylhydrazines has been studied by Chattaway 
(1908a). The finely divided oxide or freshly precipitated 
hydroxide was mixed with twenty times its weight of water 
and its action on phenylhydrazine examined. In all cases 
the major products were stated to be benzene and nitrogen 
while very small amounts of biphenyl , phenylazide and azo-
benzene were also isolated. The oxides examined by 
Chattaway (1908a) can be qualitatively classified according 
to their rate of reaction W"i th phenylhydrazine :-
( a) Very fast acting. Hg 2O; HgO; Pb02 ; alkaline KMn0 4 • 
(b) Fast acting. Ag2 0; Cu(OH)2 ; Mn0 2 ; K2Cr207 • 
(£) Slow acting. Cu2O; CuO ; K2Cr20 4 • 
Cd) Very slow or negligible action. Fe(OH)J; Pb J 0 4 • 
With acid potassium permanganate and phenylhydrazine, 
-! 
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benzene and nitrogen were the main products, but a 
considerable amount of tar was also produced. The action 
of mercuric oxide on phenylhydrazine in ether produced 
diphenylmercury (15 %) and aniline (Fischer and Ehrhard, 
Hardie and Thomson (1957), studied the action 
of some transition metal oxides on phenylhydrazines in 
aromatic solvents and isolated biphenyl s . 
The results of the oxidation of hydrazino nitro gen 
heterocycles with some transition metal oxides are 
summarised in Table V. Mercuric oxide has been effective 
in the phthalazine and pyridazine series (Parsons and 
Rodda, 1966). Other conversions of a hydrazino group 
to a hydrogen atom, where quoted, were less than 10% 
(dichromate, permanganate, and manganese dioxide). In 
some systems hydroxy compounds were isolated (1,4-
dihydrazinophthalazine and aqueous potassium dichromate; 
2-hydrazino-4-methylpyrimidine and alkaline potassium 
permanganate). 
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TABLE V 
Oxidation of hydrazino nitrogen heterocycles with some 
transiti9n metal oxides. 
Compound 
(oxidant in brackets) 
(se e note c) 
1,4-dihydrazino-
phthalazine (XIX) 
(aqueous K2Cr207 ) 
9 -hydrazinoacridine (XXIV) 
(KMn0 4/ -KOH) 
2 -hydrazino-4~methyl­
pyrimidine (XII) 
(aqueous KMn04 ) 
4-hydrazinoquinazoline (XX) 
(Mn0 2/H20) 
with mercuric oxide/ water 
3-hydrazinopyridazines (XIII) 
6 -hydrazino j or 6 - chloro 
l-hydrazinophthalazines ( I ) 
Unsubstituted j 4_methylj 
4-phenylj or 4-hydroxy 
4-hydrazino 
3-hydrazino-l , 2 -
diazafluoranthene (XXVII) 
ote s 
Notes 
( %) 
° 
a 
5 
° 
b 
6 
50-60 
80 - 90 
75 
80 
Product was 1,4-dihydro yphthalazine (10 %). 
Reference 
Parsons and Rodda 
(1966) 
Albert (1964) 
Siraka\"a (1953a) 
Armarego (1966) 
Parsons and Rodda 
(196 6 ) 
Parsons and Rodda 
(19 66 ) 
Parsons and Rodda 
(19 66 ) 
Dokunikhin and 
Mikhalenko 
(19 64) 
,... 
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Notes (cont'd.) 
b Product was 2 - hydroxy- 4-methylpyrimidine. 
c The Roman numerals in brackets after a c ompound refer 
to the structural formula of the parent heterocycle 
which is shown at the end of Section AI(2). 
(f) Miscellaneous reagents. 
Chattaway (1 909) showed that acetylchloramino-2,4-
dichlorobenzene and ethanolic potassium hydroxide converted 
phenylhydrazine into benzene (94 %) and chlorobenzene (5 %) . 
Large yields of benzene (> 70%) and a trace of azobenzene 
were obtained by the action of aqueous potassium hypochlorite 
or hypobromite on phen y lhydrazine in the presence of 
potassium hydroxide ( Chattaway~ 1 909 ). The action of 
aqueous sodium hypobromite on pentafluorophenylhydrazine 
yielded pentafluorobenzene (43%; Birchall , Haszeldine and 
Parkinson, 1962). Benzene (no yield qu ted) and azobenzene 
were produced from phenylhydrazine using aqueous calcium 
hypochlorite (Brunner and Pelet, 1897) , but benzene (no 
yield quoted) and phenylazide were produced whe n hydro gen 
peroxide was used (Wurster , 1 887) . Benzene and deutero-
benzene were obtained by the action of potassium ferricyanide 
on ph nylhydrazine in aqueous solution containing deuterium 
oxid and potassium hydroxide (Rekasheva and Gruz , 1953). 
Parsons and Rodda (1966) , obtained phthalazine 
( 45 %) and 1 , 2 - dicyanobenzene (52 %) by the action 0 f 
26 
chloranil on 1,4-dihydrazinophthalazine. Quinazoline 
(trace) was produced by the action of aqueous potas s ium 
ferricyanide on 4 -hydrazinoquinazoline, but this reagent 
had no effect on 4_hydrazino-6_methoxy-8-nitroquinazoline 
(Dewar, 1944). The action of aqueous potassium ferricyanide 
on 4_hydrazinopteridine yielded no pteridine (Albert, Brown, 
and Wood, 1954). 
(iii) The replacement of a hydrazino group by a 
halogen atom in aryl and nitrogen heterocyclic 
systems . 
When oxidised with cupric ions at low pH in the 
presence of halide ions, phenylhydrazine was converted into 
the appropriate halogenobenzene. Gatterman and H8lzle 
(189 2 ), obtained chlorobenzene (86 %), bromobenzene (60%), 
and iodobenzene (20%) from phenylhydrazine using aqueous 
copper sulphate in the presence of the appropriate hydro gen 
halide acid. The intermediate was a diazonium salt which 
was trapped as its antimony trichloride complex in an 
analogous reaction on 2_naphthylhydrazine (Bruker, 1948). 
Phenylhydrazine was converted into chlorobenzene 
( 66%) or bromobenzene (50%) with aqueous ferric chloride 
or ferric bromide (Zeide, Scherlin , and Bras, 1933a). 
Chlorobenzene (30%) and iodobenzene (25 %) were 
obtained by the action of chloric acid or iodic acid 
on phenylhydrazine (Zeide , Scherlin, and Bras, 1933b). 
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Chattaway (190 9 ) obtained bromobenzene (40%), benzene (15 %), 
phenylazide (40 %) and polybrominated products (5 %) by the 
action of aqueous hypobromus acid on phenylhydrazine o 
Phenylhydrazine yielded diazonium salts with chlorine 
or bromine in aqueous acetic acid at _15 0 ( Chattaway, 1908b). 
Michaelis (1893) observed that the action of bromine on 
phenylhydrazine in c oncentrated hydrochloric acid at 0 0 firstly 
produced p - bromophenylhydrazine which was transformed into a 
diazonium compound with excess bromine. With excess aqueous 
iodine phenylhydrazine yielded iodobenzene (85 %; Meyer , 1887), 
but phenylazide and aniline were obtained when the iodine was 
not in excess (Fischer, 1 877) . 
Examples of the replacement of a hydrazino group 
by a halo gen atom in nitrogen heterocyclic systems are 
summarised in Table VI. 2-Hydrazinopyridine was converted 
into 2 - chloropyridine (no yield quoted) with ferric chloride 
in aqueous hydrochloric acid (Koeni gs , Weiss, and Zscharn , 
1 926 ). Thielepape and Spreckelsen (1922) , isolated both 
pyridine and 2-chloropyridine from this reaction when carried 
out in aqueous solution. The action of iodic acid on 
2-hydrazinoquinoline and 1,4-dihydrazinophthalazine and the 
action of hypo c hlorus and hypobromus acids on 1 , 4 - dihydrazino-
phthalazin and some substituted 3 _hydrazinopyridazines has 
been studi d . In these syst ms replacement of a hydrazino 
group either by a halo gen atom or a hydroxy group o c curred. 
In both aryl and nitro gen heterocyclic systems 
~ 
I 
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the replacement of the hydrazino group by a halogen atom was 
the dominant reaction when halide ions were present under 
acidic conditions and in the presence of an external oxidant . 
TABLE VI 
Replacement of a hydrazino group in a nitrogen heterocycle by 
a halog:en atom . 
Compound Oxidant Replacement Note Reference 
(see note ~) (see note ~J by halide 
2-hydrazino -
FeCl/HCl (Cl) pyridine (XI) .. d Koeni g s , 
iveiss and 
Zscharn 
(1926) 
2 .. hydrazino-
(I) quinoline (XIV) HI0 3 25 a Zeide, Scherlin 
and Bras 
(1933b) 
1,4-d ihydrazino-
(Cl) phthalazine (XIX) HC10 89 c 
HI0 3/HCl 
62 (Cl) .£ , ~ Parsons and 
Rodda (1966) 
.B. S . 42 (Br) .£ , £: 
3-hydrazinoEyridazines (XIII) 
6-chloro HC1O/HCl 84 ( Cl) 
HBrO/HBr 41 {Br) Linholter, 
Rosenoern, 
6 -chloro-5-m thyl HC1O/HCl 92 (Cl) b and 
Vincents 
HBrO/HEr 52 (Br) (1963) 
6-chloro-4-methyl HC1O/HCl 74 (Cl) b 
HErO/HEr 65 (Br) 
~ 
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Notes to Table VI . 
a 2 - Hydroxyquinoline (20%) was also isolated. 
b Earlier work, (Linholter and Rosenoern , 1962) , reported 
replacement by the hydroxy group in the presence of 
aqueous sulphuric acid . 
c l-Halogeno - 4 - hydroxyphthalazines were isolated. 
d Thielepape and Spreckelsen (1922) noted pyridine and 
some 2-chloropyridine were produced (no yields quoted) 
in aqueous solution . 
e 1 , 4 - Dihydroxyphthalazine (95 %) was isolated when aqueous 
sulphuric acid was used in the presence of HIO J • 
f All reac tions carried out in aqueous solution unless 
specified otherwise . 
g N.B . S . is - bromosuccinimide. So l vent was CHCl J • 
h The Roman numerals in brackets after a comp ound refer 
to the structural formula of the parent hetero cyc le 
which is sho'~ at the end of Section AI(2). 
O. 
Pyridine (XI) 
5 4 
8 
Isoquinoline 
(XV ) 
5 4 
8 
Cinnoline 
(XVIII) 
5 
30 
4 4 
0 3 0: 
I 
Pyrimidine Pyridazine 
(XII) (XIII) 
1,6-Naphthyridine 
(XVI) 
5 
N3 
~2 
8 
Phthalazine 
(XIX) 
c:x::r 
8 
5 
8 
Quinoline (XIV) 
2,7-Naphthyridine 
(XVII) 
5 
N 3 
N) 
8 I 
Quinazoline (xx) 
1:X~>8 
3 H 
Pteridine(XXI) Benzo-l,2,3-triazene 
(XXII) 
9 
Purine (XXIII) 
8 9 
Acridine (XXIV) 
7 6 
1 , 2 - Diazaf1uoranthene 
(XXVII ) 
• 
• 
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. lO-H- Pyridazino(3,2-
b)quinazo1in-10-one (XXV) 
4 , 9 - Diazapyrene (XXVI) 
4 
o H~ 2" o 
OM~ 0 
Hydraz ino- ~ - gnos c opine 
(XXVIII ) 
,.. 
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(3) Scope of the Present Work. 
Previous work concerning the replacement of a 
hydrazino group by a hydro gen atom in the nitrogen hetero-
cyclic series has been unsystematic, even contradictory at 
times, and gave no indication to the limits of the methods 
and the right c hoice of reagent. Frequently reported 
failures and others incurred by memhers of the Department 
of Medical Chemistry at the Australian National University 
pointed to the need for a systematic study. 
The hydrazino-azanaphthalenes used for this systematic 
study, were 2 -, 3-, 4 -, 5-, 6- , 7-, and 8 -hydrazinoquinoline, 
1-, and 5 -hydrazinoi soquinoline, . I - hydrazinophthalazine, 
4 -hydrazinoquinazoline and 4 -hydrazinopteridine . The families 
of oxidants u sed are shown in Table VII . 
TABLE VII 
Families of oxidants used in the study of the oxidation 0 f 
hydrazino-azanaphthalenes. 
Replacement of a hydrazino group by a hydro gen atom. 
Oxygen . 
Cupric compounds . (Aqueous CuS04 ; CuS04/aque ous AcOR; 
. . 2+ FehlJ.ng IS&! lutlon; Cu in a 
series of buffer solQtions; CuC1 2/aqueous RCl) . 
Arg ntolJS compounds . (Ag OAc/aqueou s AcOR; Ag2 0/R20; 
aqueous AgN0 3 ). 
I ~ 
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TABLE VII ( CONT'D) 
(d) S ome transition metal oxides. (Aqueous KMn04/ aOR; 
Miscellaneous reagents. 
aqueous AcOR). 
(Ferric ammonium sUlphate/ 
Replacement of a hydrazino group by a halo gen atom. 
(~) FeCl 3/aqueous RCI; FeBr 3/aqueous HEr; CuCl 2/aqueous 
RCI; aqueous HI0 3 ; aqueous RI04 ; I 2/R2 0. 
Replace ment of a hydrazino group by a deuterium atom. 
Oxidants were chosen for study in terms of their 
suitability for preparative work and potential ability , 
according to literature precedents, for repl ac ing a hydrazino 
group by a hydrogen atom. 
Generally the effectiveness of an oxidant was 
judged by its action on 2-, 3-, 4-, and 6 -hydrazinoquinoline . . 
Only the more successful 0 idants, (for example copper 
sulph ate/aqueous acetic acid and oxygen/ethanolic sodium 
hydroxide), were used with the complete range of hydrazino-
azanaphthalenes prepared. 
The study was restricted to aqueous and ethanoli c 
systems . In general with a particular oxidant, the same 
conditions were used with each hydrazino-azanaphthalene 
studied . The pH range of each oxidation in the quinoline 
series was not d, and the ionisation constants of all the 
hydrazinoquinolines determined in an attempt to correlate 
-----~ •. ~~----------------------------...................... . 
I , 
I;; 
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them with variations in the yield of quinoline with a 
particular oxidant under standard conditions. From the 
ionisation constants and ultraviolet spectra it was possible 
to establish the site of initial protonation. 
A deliberate attempt was made to es tablish the 
conditions under which halo gen replacement o c curred, so that 
these conditions could be avoided in the conversion of a 
hydrazino group to a hydrogen atom . Consequently the 
effect of iodine , periodic acid , iodic acid , ferric c hloride, 
ferric bromide, and cupri c chloride on 2 - hydrazinoquinoline 
was studied. 
A c orollary to the work was the prediction that 
the system anhydrous copper sulphate a n d deuterium oxide 
would effect the replacement of a hydrazino group by a 
deuterium atom. This was established and applied to all 
hydrazinoquinolines and hydrazinoisoquinolines studied . 
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SECTIO AII 
DISCUSSION OF THE PREPARATIO OF HYDRAZI O_AZANAPHTHALE ES 
The various general methods available for preparing 
hydrazino - azanaphthalenes will now be reviewed and their 
suitability for different isomers indicated . Following 
this brief outline details will be g iven of the application 
of these methods to the production of specific compounds 
used in the work . 
( 1) u c leophilic Replacement . 
( i) ormal replacement . 
Hydrazino - azanaph thalenes with the hydrazino 
group in an a ~ or y - position to the ring nitro g n atom 
were obtained by the ac t ion of e cess hydrazine hydrate 
( in ethanol , water , or without solvent) on the azanaphthalene 
containing a chloro , methylthio , or sulphonic acid 
substitu nt in the corresponding a- , or y -position. In 
such a mann r 2 _hydrazinoquinoline was obtained from 
2 _c h loroquinolin (Perkin and Robinson , 1913) ; 4-hydrazino -
quinolin from 4 - chloroquinolin (Mann , Prior , and Willco 
1959 ) or quinoline-4 - sulphonic acid (Suzuki , 1961); 
l_hydrazinoisoquinolin fr m l _chloroisoquinolin ; 
LI.- hydr zin quinazo l in from 4 _chloroquinazolin (D war , 
1 944 ) nd '-!._hydrazinopt ridin from 4 ... m thyl thiopt ridin 
(Alb rt , Brown , and Wood , 1954) . 
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(ii) Anomalous reactions. 
(a) The action of hydrazine on guinoline-4-
sulphonic acid and 4-chloroquinoline (Scheme IV). 
4-Hydrazinoquinoline monohydrochloride (XXXI) was 
prepared by the action of hydrazine hydrate (1.1 molar 
proportions) on 4-chloroquinoline (XXX) in propan-l - ol 
under reflux as described by Mann , Prior, and Willcox (1959). 
The free base was obtained by extraction of an aqueous 
solution of the hydrochloride with chloroform after the pH 
was adjusted to 12. 4 - Hydrazinoquino1ine was also obtained 
by refluxing quinoline-4-sulphonic acid in aqueous hydrazine 
hydrate as described by Suzuki (1961). The melting points 
of 4-hydrazinoquinoline and its hydrochloride, picrate and 
benzaldehyde derivatives corresponded with those of Mann , 
Prior, and Willcox (1959), and Itai and Kamiya (1961). 
The low melting points of Bryndowna (1932) or Schofield 
and Swain (1950), probably were due to the presence of 
impurities. The orientation of the hydrazino group was 
established by the conversion of 4-hydrazinoquinoline to 
4-chloroquinoline (using ferric c hloride) and 4 - deuteroquinoline 
(using copper s ulphate in deuterium oxide). 
The action of aqueous hydrazine hydrate, under 
pressure, on 4-chloroquinoline (at 1500 ) or quinoline-4-
sulphonic acid ( at 100-10So) yielded 3_2'-aminophenylpyrazole 
(XXXV), which has the same empirical formula as 
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4 -hydrazinoquinoline (XXXII). Backeberg and Friedmann 
(1938) thought that the product (XXXV) was 3 , 4 - diaminoquinoline, 
but the structure (XXXV) indicated by the work of Koenigs 
and Freund (1947) was confirmed by Alberti (1957). In 
the present work structure (XXXV) was indicated by the 
nuclear magnetic resonance spectrum of the c ompound in 
trifluoroacetic acid (see Section AV(2)). de Stevens, 
Halamandaris, Bernier , and Blatter (1963), showed that 
3 - 2' - aminophenylpyrazole reacted with benzalde hyde to 
yield 1,2-dihydro-2-phenylpyrazolo(1,5-c )quinazoline 
(XXXVII) and with benzoyl chloride to yield 2 -phenyl -
pyrazolo(1,5 - c)quinazoline (XXXVI). 
Suzuki (1961) claimed to have prepared 
4-hydrazinoquinoline from quinoline-4-sulphonic acid with 
aqueous hydrazine both at atmospheric pre ssure and in an 
autoclave , but this requires further explanation. At 
times he probably had 4 -hydrazinoquinoline (as shO\vu 
firstly by the isolation of quinoline (75 %) after oxidation 
with copper sulphate and secondly by the melting point 
of t h e hydrochloride) and at other times his product 
must have been 3 - 2' - aminophenylpyrazole (as evidenced 
by the melting points of the products obtained from 
condensation with benzaldehyde and benzoyl c hloride). 
Both 4_benzylidenehydrazinoquinoline (XXXIII) and 
1,2_dihydro_2_phenylPyrazolo(1,5-c )-quinazoline (XXXVII) 
have the empirical formula C16H13 3. 3_Phenylquinolyl(3,4-
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d)pyrazo1e (XXXIV), (the product claimed by Suzuki (1961) 
from the action of benzoyl chloride on 4-hydrazinoquino1ine) 
and 2-pheny1pyrazo10(1 , 5-c)quinazo1ine (XXXVI) both have the 
The melting points of the 
compounds obtained by Suzuki (1961) are compared with the 
appropriate derivatives of 4-hydrazinoquino1ine and 
3-21-aminopheny1pyrazo1e in Table VIII. 
TABLE VIII 
( o C ) The melting points _ _ of the compounds of Suzuki compared 
with the derivatives of 4_hydrazinoquino1ine and 3-2 1 -amino-
pheny1pyrazo1e. 
Derivative 
Free base 
Hydrochloride 
Dihydroch10ride 
Picrate 
Benzaldehyde 
derivative 
Benzoyl chloride 
derivative 
otes 
4-hydrazino-
quinoline 
157-158 (a) 
309-310 (:~) 
204-205 (~) 
228-230 (~) 
3-2!-amino-
pheny1pyrazo1e 
125-126 (~) 
244 ... 245 CO 
249-2 50 (f) 
194-195 C.~J 
105-106 (h) 
125-127 (h) 
( 6) 8 0 d 1540 A (~) Itai and Kamiya 1 9 1 gave 15 an • 
Suzuki I S 
compounds 
(~J 
1 64-165 
307-308 
179 
113-114 
129.5-1 30 . 5 
(£) Mann , Prior , and Willcox (1 959) gave 3110; Schofield 
and Swain (1950) gave 3010 ; Itai and Kamiya (1 961) 
o 
gav 301 . 
Aqueous 
NH2NH2 
(autoclave) 
~ (NJ 
VNH2H 
(XXXV) \ 
C6HSCOCI 
C6HSCHO \ 
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SCHEME (IV) 
s 
• 
CI 
ex) 
/ 
(xxx) 
Aqueous NH2NH2 
(autoclave) 
NH2NH2 in 
propanol (rdlux) 
(XXXIV) 
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(c) Itai and Kamiya (1961) gave 204° . 
(~) Itai and Kamiya (1961) gave 226-22So . 
(~) Alberti (1957) gave 125°; Backeberg and Friedmann 
(193S) gave 129°. 
(f) Alberti (1957). 
(~) Alberti (1957) gave 191-192°; Backeberg and 
Friedmann (193S) gave 197°. 
(~) de Stevens , Halamandaris, Bernier, and Blatter (1963). 
(~) Suzuki (1961). 
(b) The action of hydrazine on 7 - chloro - S-
nitroquinoline. 
In an attempt to prepare 7 -hydrazino - S-
nitroquinoline it was observed that 7-hydrazinoquinoline 
(50% yield) was produced by the action of excess hydrazine 
on 7 - chloro - S-nitroquinoline in dimethylsulphoxide solution 
° at 25. ° S-hydrazinoquinoline was detectable in the 
crude product (spectroscopic evidence) . By refluxing 
7-chloro-S-nitroquinoline with hydrazine hydrate in 
ethanol or without solvent, only small amounts of 
7-hydrazinoquinoline wer isolated. '{hen the reaction 
was carri d out in dimethylformamide at 25°, hydrazine 
react d with the solvent to yield monoformylhydrazine 
and dim th lamin. The dimethylamine reacted with 
7-chloro-S-ni troquinolin to produce 7 - dimethylamino - S-
-
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nitroquinoline (28% yield), and some of the hydrazine 
reac t ed with 7 - c h loro - 8-nitroquinoline to yield 
7 -hydrazinoquinoli ne (22% yiel d) . 
The conversion of 7-chloro - 8 - nitroquinoline 
(XXXVIII) to 7 - hydrazinoquinoline (XLII) is unusual in 
that the nitro group is substituted by a hydrogen atom . 
The mechanism of the reaction is obscure . The first 
step probably is the formation of 7 - hydrazino - 8 - nitro -
quinoline (XXXIX) . A mechanism invo l ving the aryne 
( XLI) formed by the decomposition of the triazole (XL) 
is unlikely because no 8 - hydrazinoquino l ine was produced . 
Recently it was observed that a nitro group coul d be 
repl aced by a hydrogen atom in 1 , 2 - dihydro - l , 2 - dimethyl - 4 -
methoxy-5-nitro - 6 - oxopyridine on treatment with excess 
refluxing hydrazine or phenylhydrazine , (Dornow , von 
Plessen, and Huischen , 1966) . 
( 2) Reduction of a Diazonium Compound . 
For hydrazinoquinolines or hydrazinoisoquinolines , 
wh ere the hydrazino group was not in an a -, or y - position 
to t h e ring nitrogen atom , the required hydrazino compound 
was obtained from the corresponding amine by the formation 
of the diazonium salt fo l lowed by reduction with stannous 
chloride . In t h is man ner J -, 5-, 6-, 7 -, and 8_hydrazino -
quinolin and 4 -, and 5 _hydrazinoisoquinoline were obtained . 
(XL) 
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SCHEME (V) 
(XXXVIII) 
s 
• 
(XLI) 
(XXXIX) 
(XLII) 
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For 5-, 6- , 7 -, and 8-hydrazinoquinoline the reaction was 
carried out in c oncentrated hydrochloric acid following 
the general method of Hunsberger , Shaw , Fugger , Ketcham, and 
Lednicer (1956) . The hydrazinoquinolines were isolated as 
their stannichloride complexes which did not decompose after 
a year 1 s storage in air . Because 5-, 6 - , 7 -, and 8 -hydrazino -
quinoline slowly decompose in the presence of air these 
hydrazinoquinolines were stored as their stannichloride complexes 
and the free bases were liberated as required , purified and 
used immediately. The free bases were obtained by making an 
aqueous solution of their stannichloride complexes sufficiently 
alkaline to keep the tin in solution and then rapidly extracting 
with chloroform . 3-Hydrazinoquinoline was also prepared by 
this general method , but in a lower yield than by the method 
of Hnnig and Werner (1959). By the general method 6 - hydrazino-
quinoline was isolated as the free base for the first time . 
Knueppel (1899), had reported that 6-hydrazinoquinoline was 
non- crystalline and unstable in contact with aqueous alkali , 
while other workers had isolated only the hydrochloride salt 
(Wie l and and Horner , 1938; Hunsberger , Shaw , Fugger, Ketcham , 
and Lednicer , 1956 ; Hllni g and Werner , 1959). Previous 
preparations of 5- , 7 - , and 8_hydrazinoquinoline were 
excessively 1 ngthy as they required the removal of tin 
from an aqu ous solution of the hydrazinoquinoline 
stannich loride complex with hydrogen sulphide gas followed 
by evaporation to yield the hydrazinoquinoline hydrochloride 
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(e.g. Dufton, 1891; Dufton, 1892; Clemo and Felton , 1951; 
II 
Hunig and Werner, 1 959) . Kulka and Manske, 1 952 ; The free 
base was normally obtained by the above workers from an 
aqueous solution of the hydrochloride by adjusting the pH 
to 12. 5-Hydrazinoisoquinoline could no t be prepared by 
the general method and was obtained from its hydrochloride 
as described above (Manske a nd Kulka, 1 949) . 
Attempts were made to prepare 3-hydrazinoiso-
quinoline and 4-hydrazinoisoquinoline from the appropriate 
amino compounds via the diazonium salts as previously 
described . o 3-hydrazinoisoquinoline was isolated, but 
4-hydrazinoisoquinoline was prepared in very small yield 
by this method and could not be purified. These failures 
are attributed to the instability of the diazonium sal t 
under the condition s employed , because the reaction mixtures 
o 
slowly effervesced at 0 when it was being formed . 0 
4-hydrazinoisoquinoline could be isolated from the action 
of hydrazine hydrate on 4 - bromoisoquinoline either by 
refluxing or by h eating in a sealed tube . 
(3) Miscellaneous Methods . 
Other methods of preparing hydrazino-azanaphthalenes 
include:-
(i) A Bucherer-type reaction on a hydroxyquinoline or 
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hydroxyisoquinoline when the hydroxy group is in position 
5 , 6 , 7, or 8 (Manske and Kulka , 1949; H~nig and Werner , 
1 959; Krasavin, Parusnikov, and Dziomko , 1963). 
(ii) The action of sodium hydrazide on the unsubstituted 
nitro gen heterocycle (Kauffmann, Hansen, Kosel , and 
Schoeneck , 1 962 ). 
As methods (3)(i) and (3)(ii) had no significant 
advantage over methods described previ ous l y in Sec tions 
(1) and (2) they were not used . 
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SECTIO AIII 
DISCUSSION OF THE IONISATION CO STANTS AND ULTRAVIOLET 
SPECTRA OF THE HYDRAZINOQUINOLINES . 
(1) Ionisation Constants . 
The ionisation constants of all seven hydrazino-
quinolines were determined and are reported in Tables (IX) 
and (X). They will now be discussed along the lines used 
for their amino analogues by Albert , Goldacre, and Phillips 
(1948). pK Is defined as the ne gat ive lo gari thm of the 
-a 
ionisation constant and P!l as the more basic ionisation 
and numerically larger of the two pK figures . 
-a 
'{hen the 
posi tion 0 f substitution is the same the values of P!l 
for hydrazinoquinolines and aminoquinolines are very 
similar . The values for the 8-isomers however, are 
different. 
Hydrazine (P!l is 8 . 11 and P!2 -0. o at 20 ; 
Schwarzenbach, 1936) is a stronger base than quinoline, 
(pK is 4 . 94 at 20 0 ; Albert , Go ldacre , and Phillips, 1948) 
-a 
or phenylhydrazine (pK is 5.20 at 25 0 ; Fischer , Happer , 
-a 
and Vaughan, 1964). The hydrazinoquinolines can be 
classifi d according to their P!l values . The first 
class contains th 2 - ani 4-isom rs, which are much 
strong r bas s than quinolin . The isomers which mal e 
up the s cond class have basiciti s which are slightly 
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greater than (5-, 6-, or 8-isomer) or similar to (J-isomer) 
that of quinoline . The 7-isomer is intermediate between 
t h ese two groups. 
It will now be shown that the P~l of all hydrazino-
quinolines except the 8-i somer refers to the ionisation of 
the ring nitro gen atom . 
The pK values for the dications 0 f l-methyl-x-
- a 
hydrazinoquinoline (XLIII) have been determined (Table IX; 
II ) Huni g and Werner, 1959 and lie below P~l but are quite 
c l ose to P~2 values of the simple hydrazinoquinolines 
described in the present work. The values represented 
half neutralisation points from a potentiometric titration 
of a 0 . 02 M-solution of the compound with 0 .1 - sodium 
hydroxide (no allowan ce for the concentration of the 
hydro gen ion was stated) hence the values quoted for the 
2- , and 4_substituted compounds are probably very inaccurate, 
but those for the other isomers should be of the correct 
order of magnitude. These values represent the basic 
strength 0 f a nitrogen atom (probably the ~ ) of the 
hydrazino group when the nitro gen atom of the quinoline 
nucleus is positively charged . 'fuen the hydrazino group 
is in the J-, 5 -, 6-, or 7 - position there is a qualitative 
resemblance of P~2 of a hydrazinoquinoline to the P~a of 
t he appropriate l-methyl- _hydrazinoquinoline dication . 
Thi s suggests that J-, 5 -, 6-, and 7 _h ydrazinoquinoline 
initially protonate on the ring nitro gen atom a nd the 
I. 
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secon d proton is accepted by a nitrogen atom of the hydrazino 
group . 
Intramo l ecul ar hydrogen bonding in the free bases 
of 8 - a minoquinoline and 4 - aminoacridine may be base weakening 
(ortho effect , Albert , Goldacre , and Phillips , 1948; Short, 
1952) and a similar effect is now observed with 8-hydrazino-
quinoline . 8 - Hydrazinoquinoline is a stronger base than 
8 - aminoquinoline . Initial protonation probably occurs on 
the a - nitrogen atom of the hydrazino group and the intra-
molecular hydrogen bonded structure of the neutral molecule 
is maintained (LII) . The base weakening ortho effect 
however , is reflected in the low value for P~2 compared 
with the corresponding values for the J -, 5 -, and 6 - isomers . 
A hydrazino group in the 2 - , 4 - , and 7 - position 
enhances the basic strength because it permits a resonance 
in the monocations (through the pairs of canonical structures 
(XLIV) and (XLV); (XLVI) and (XLVII); (L) and (LI)) 
additional to that provided by the respective non- ionised 
molecules. The case of 7-hydrazinoquinoline suggests that 
the loss of two Kekult rings can be compensated for by 
the E-quinonoid structure (LI) . However , an ~-quinonoid 
structure of the type (IL) , although a possible contributor 
to the monocation of 5 _hydrazinoquinoline)is too weak to 
show an appreciable effect on the P~l value . If the 
canonical structures (XLV) , (XLVII) , (IL) , and (LI) make a 
II 
ij 
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contribution to the total structure of the ion then a 
positive charge would reside on the a - nitrogen atom of 
t h e hydrazino group and the magnitude of the charge would 
depend on the size of the contribution of these canonical 
structures . The electron density on the ~ -nitrogen atom 
of the hydrazino group would be shifted towards the positively 
charged a -nitrogen atom making the ~ -nitrogen atom a less 
basic centre . The value of (P~l - P~2) for 4 - hydrazino -
quinoline is 8 . 1 and for hydrazine it is 9 . 0 (Schwarzenbach , 
1936) . This suggests canonical structure (XLVII) makes 
a large contribution to the total structure of the 
monocation . The high value for 2 - hydrazinoquinoline (9.9)) 
which indicates structure (XLV))could in part be 
attributed to the intramolecular hydrogen bonded structure 
(LIII), which is initially base strengthening (first 
proton) and then base weakening (second proton). The 
value of (pK - pK2 ) for 7 - hydrazinoquinoline and 5--1 -
hydrazinoquinoline is 3 . 7 and 1 . 8 respectively and suggests 
that the canonical structure (LI) makes some contribution 
and the structure (IL) makes little contribution to the 
total structure of the ion. These arguments suggest 
that 2- , 4 -, and 7 - hydrazinoquinoline protonate initially 
on th ring nitrogen atom and accept the second proton on 
th ~-nitrog n atom of th hydrazino group . 
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Conclusion. 
The first proton is accepted by the ring nitro g en 
atom in the c ase of all isomers except 8 -hydrazinoquinoline , 
where it is accepted by the a -nitro gen atom of the hydrazino 
group. 
TABLE IX 
Ionisation constants of hydrazinoquinoline s , aminoquinoline s , 
and l_methyl-x_hydrazinoquinoline dications ( at 20 0 ) . 
Position of 
substituent 
otes 
2 
3 
4 
5 
6 
7 
8 
Hydrazino-
quinolines 
2 . 60 
8 . 90 - ,",,0 . 8(~J 
5. 41 3. 63 
3. 66 
6 . 7 6 -2 . 9 C~J 
5 . 32 ""'1.3(~) 
Amino -
quinolines 
7 .30(£) 
4. 94 (£) 
4 . 91(~) 
9 . 13(~) -7. 11 (d) 
9 . 17(~) 
5. 42(E) 
5.59(b) 
6. 61(£) 
3 . 95 (~) 
0.95(e) 
l-Methyl-x-
hydrazino-
quinoline 
dications. 
pK (f) 
- a -
3 . 50 
2 . 61 
4 . 25 
4 . 12 
3. 30 
( a) Estimated from the complete spectrum at varying pH 
values. 
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(~) Albert , Goldacre , and Phillips (1948). 
(~) Alford and Schofield (1953b~ 
(i) Hirayama and Kubota (1953). 
Hearn, Morton , and Simpson (1951); (temperature not 
stated). 
I! Hunig and Werner (1959). 
(2) Ultraviolet Spectra. 
The ultraviolet spectra of the neutral molecules, 
mono cations, and dications of all seven hydrazinoquinolines 
were measured and are shown in Table X and Figure I . In 
the cases of 3-, 5 -, and 6 -hydrazinoquinoline because of 
the proximity of the two ionisation constants , the spectra 
of the monocations were obtained as "difference spectral! 
by working at a pH value intermediate between the two pK 
- a 
values and subtracting the contribution of the dication 
and the neutral species . 
The ultraviolet spectra of heteroaromatic amines , 
such as the aminoacridines ( Craig and Short , 1945), amino -
quinolines ( Stecl and Ewing , 1948), and aminoisoquinolines 
(O sborn , Schofield, and Short , 1956) like those of acridine 
( Craig , 194.6) , quinoline and isoquinoline (Ewing and Steck , 
1946) show d in general a marked bathochromic shift when 
t he base was converted into the monocation. This behaviour 
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contrasted with that of carbocyclic aromatic amines (Kumler 
and Strait, 1943, and Steck and ,Ewing , 1948) and proved that 
on forming monocations the heteroaromati c amines accepted 
the proton on the ring nitrogen atom . Phenylhydrazine 
showed feeble hypsochromy (from 283 to 276 m ~ and from 
241 to 230 m~ with little change of intensity) when converted 
into the monocation (Valyashko and Depeshko, 1950). Hearn, 
Morton , and Simpson (1951), showed in the case of 5-, and 
6 - aminoquinoline that the second proton was accepted by 
the amino nitro gen atom and the spectrum was changed to that 
of the quinolinium ion. 
Considering the neutral species and the monocations, 
it is observed that the ultraviolet spectra of the hydrazino-
quinolines correspond in general with their amino analogues 
(Steck and Ewing , 1948). Many of the u l traviolet extinction 
curves of Steck and Ewing (1 948) at pH 2 did not represent 
the spectra of the pure mono cations (for example 5-, 6 -, 
and maybe 3- , 7 -, and 8 - aminoquinoline) as some dication was 
present in the solutions used (P~2 for all aminoquinolines 
is not known) . With the hydrazinoquinolines the conversion 
of the neutral species into the monocation normally causes 
a bathochromic shift of the ultraviolet spectrum which 
indicates protonation has occurred on the ring nitrogen 
atom . Somewh at exceptional ar 2~hydrazinoquinoline (where 
the long wavelength band reveals a bathochromic shift of 
only 1 m ~ ) and 8 -hydrazinoquinoline (where there is a larger 
I 
I, 
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hypso c hromic shift). The intramolecular hydro g en bonded 
structures (LII) and (LIII) would probably account for 
t hi s behaviour. With the 2 -, 4 -, and 7 - isomers the l ong 
wavelength band increases in intensity after initial 
protonation and sugg ests that the canonical structures 
( XLV ), (XLVII) and (LI) make a significant contribution 
to the total structure of the monocation. 
The second proton is accepted by a nitro gen atom 
of the hydrazino group and the spectrum is generally chang ed 
by a hypsochromic shift (relative to the spectrum of the 
monocation) to one containing the characteristic peaks of 
the quinolinium ion which had ~ max 233 mil (lo g E , 4 . 50) 
and 313 mil (lo g E , 3 . 80) (Albert, Brown , and Cheeseman, 
1951 ) • All the dications have absorption maxima between 
234 and 254 mil (lo g E, 4 . 3 to 4 . 6 ) and between 313 and 322 
(log E~ 3 0 3 to 4 . 0) • 3-, 5 -, 6-, and 7 - Hydrazinoquinoline 
dications have an additional absorption maximum between 346 
and 372 mil (lo g E , 3.4 to 3.6) which is absent in the 
dications of 2-, 4 -, and 8-hydrazinoquinoline and 5 -, and 
mil 
. 6-aminoquinoline (Hearn , Morton , and Simpson, (195 1 ). These 
maxima approximate to similar maxima in the neutral molecule 
of the appropriate amino- or hydrazinoquinoline neutral molecule 
and sugg est that protonation has o ccurred on the ~ -nitrogen 
atom of the hydrazino group. This effect is probably 
s uperimpo s d an the ~ max at 322 and 319 mil in the di c ations 
! 
I' 
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of 2 -, and 4-hydrazinoquinoline respectively, which have 
a much l arger intensity (+o g € , 3. 92 to 3.99) than the 
analo g ous maxima in the other isomers (lo g 8 , 3.3 to 3. 5) . 
The 8 -hydrazinoquinoline dication is exceptional (batho-
c hromi c shift rel a tive to the mono cation) and i ts structure 
is represented by (LIV). 
Conc lusion. 
The evidence from the ultraviolet spectra is 
in accord with the conc l usions reac hed from the ionisation 
constants. It a1 0 suggests that the second proton is 
accepted by the ~ -nitrogen atom of the hydrazino group 
i n all isomers except 8 -hydrazinoquinoline, where it is 
accepted by the ring nitro gen atom. 
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00 + ~--NHNHa ~ ! J . I 
Me 
(XLIII) 
Q?NHNH2 · 
H 
(XLIV) 
) 
"< -~--~> + 
H2NHN 
(L) 
(IL) 
(LI) 
+ 
NHNH2 
I I 
0: ~ 
H'N+ H 
H/ 'N/ 
~ 
(LlI) 
• • 
(LlV) 
+ 
N N-H 
I I H 
H· · • N/ 
'H 
(L III) 
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FIGURE I Le gend neutral molecule 
mono c ation 
d i cation 
Quinolines 
2 - hydrazino 
3 ... hydrazino 
4 - hydrazino 
5- h ydrazino 
TABLE X 
Ionisation constants and ultravio l et spectra of the hydrazinoquinolines in water at 20
0
• 
Species Ionisation 
C~J 
conc 8 (M) pKa 
0 
+ 7 . 87 (+ 0 . 06 ) 1. 4 10 ... 4 
T + 2 . 0 C2J 
0 
+ 4 . 90 3 . 1 10-
4 
+ + 2 . 60 ( d) 3 . 1 10- 4 (2.60) -
0 
+ 8 . 90 (:!:.O . 01) 5 . 5 10-5 
+ + O. 8 (~J 
o 
+ 5 . 41 5 . 5 10- 4 
A.'v . L . C~) 
285 
405 
405 
340 
Lt· 7 5 
A max ( mlL) 
239 , 332 
235 , 281 , 333 
25 0 , 322 
243 , 3L~ 1 
242 , 325 , 382 C~J 
237 , 322 , 355 
213 , 31 7 , 330 
216 , 233 , 331 , 340 
23L~ , 258 , 319 
246 , 334 
240 , 268 , 307 , 435(~) 
Spectroscopy 
l og £ 
4 . 44 , 3 . 69 
4 . 34 , 3 . 79,3 . 90 
4 . 32 , 3 . 92 
4 . 42,3.55 
4 . 4 6 ,3 . 38 , 3 . 36 ( ~) 
4 . 52 ,3 . 53 , 3 . 62 
4 . 47 , 3 . 81 , 3 . 71 
4843 , 4 . 21,4 . 10,4 . 12 
4 . 59 , 3 . 71 , 3 . 99 
4 . 39 , 3 . 51 
4 . 15 , 4 . 24 , 3 . 14 , 3 . 18 ( ~) 
pH 
1 0 . 0 
0 . 009N-HCl 
1 8 . 8N-H SO 2 4 
8 . 0 
3 . 71 
0 . 9N - HC l 
11. 0 
4 . 0 
9 . 9N -H2SO4 
8 . 0 
4 . 49 
+ + 
6- hydrazino 0 
+ 
+ + 
7- hydrazino 0 
+ 
+ + 
8-hydrazino 0 
+ 
+ + 
3. 63 
(3 . 60) 
5. 55 
3. 66 
(3 . 66) 
6 . 76 (+0 . 03) 
2 . 9 (~J 
5 . 32(:t.0 • 0 5) 
l . 3 (c) 
5 . 5 lO- 4 
2. 8 l O ... 4 
2. 8 lO- 4 
5. 4 lo-5 
2 . 0 lO- 4 
TABLE X (CONTID) 
475 254 , 32l , 372 4 . 45 , 3. 27 , 3. 37 0 . 9N -HCl 
244 , 340 4 . 5l , 3. 53 8. 0 
400 265 , 390 ( ~) 4 . 36,3 . 45(~) 4. 50 
400 252 , 3l6 , 346 4. 47 , 3 . 5l , 3. 55 0. 9N -HCl 
242 , 343 4 . 48, 3.6l 9 . 0 
400 2l5 , 263 , 400 4 . 52 , 4 . 39 , 3. 93 4 . 78 
25 0 , 3l3 , 359 4 . 48 , 3. 37 , 3. 90 0. 9N -HCl 
23l , 247 , 3l 5 , 333 4 . l2 , 4 . 29 , 3. 43 , 3. 35 8. 0 
350 238 , 307 4 . 39 , 3. 49 3. 46 
237 , 3l 5 4 . 33 , 3. 67 9 . 9N -H2S04 
Legend 
( ~) 
( £ ) 
( £ ) 
( £) 
Neutral species (0) , monocation (+) or dication (+ +) . 
Analytical wavelength (m ~) , spectrometric determination . 
Estimated from spectra measured on a recording spectrophotometer . 
By the method of Ang (1958) . The value obtained by the method 
of Bryson and Matthews (1961) in brackets . 
(~) From difference spectra ( see text) . 
0\ 
o 
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SECTIO AIV 
DISCUSSION OF THE REPLACEME T REACTIO S OF HYDRAZI 0-
AZANAPHTHALENES 
(1) Introduction 
The families of oxidants used in the study of the 
oxidation of hydrazino-azanaphthalenes are shown in Table 
VII (Section AI(3)). The effect of each oxidant was 
studied at first with 2 -, 3-, 4 -, and 6 -hydrazinoquinoline 
under standardised ethanolic or aqueous conditions and it 
was found that copper sulphate (in water or aqueous acetic 
acid) or oxygen (with ethanolic sodium hydroxide) were the 
best reagents for effecting the replacement of a hydrazino 
group by a hydrogen atom in high yield. Before the methods 
were applied to other hydrazino-azanaphthalenes a detailed 
study with 2-hydrazinoquinoline was undertaken in order to 
establish the exact conditions under which a maximum yield 
of quinoline was obtained with these two reagents. 2 -
Hydrazinoquinoline was chosen, rather than its isomers, for 
detailed study because the replacement, - HNH2~ -H, is 
of great st potential preparative value in nitro g en 
heterocycles containing a hydrazino group a to a ring nitrogen 
atom . 
It was quickly established that the 0 idation of 
2 - and 4-hydrazinoquinoline in the presence of halide ions 
yielded halog noquinolines. Accordingly, the action of 
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iodine, iodic acid, periodic acid, cupric chloride, ferric 
chloride, or ferric bromide on other hydrazino~azanaphthalenes 
was not studied because replacement of a hydrazino group by 
a hydrogen atom would not be favoured. 
The action of anhydrous copper sulphate in deuterium 
oxide on hydrazinoquinolines or hydrazinoisoquinolines was 
found to replace the hydrazino group by a deuterium atom. 
The yields of all products were estimated gravi -
metrically. Quinoline and isoquinoline were estimated as 
their mercurichlorides. With an excess of saturated 
ethanolic mercuric chloride quinoline yielded C9
H7 .HgC1 2 
(m.p. 222_2230 ) as reported by Dehn (1926) and isoquinoline 
afforded 2C
9
H
7 
.3HgC1 2 (m. p. 226 _228
0
). Previously two 
unanalysed mercuri c hloride complexes of isoquinoline had 
been reported; one had m.p. 165 0 (Pictet and Popovici, 
1 892) and the other, m.p. 216 0 (Bamberger and Go lds chmidt, 
1894) • It was shown that at least 94% of any quinoline 
or isoquinoline could be removed from the reaction mixture 
by the "steam distillation method" and subsequently isolated 
as its mercurichloride complex. 
Experiments with 2_hydrazinoquinoline were 
repeated five times with some of the oxidants. 1Vi th the 
exception of Fehling's solution Type I (~ 11%) it was 
shown that quinoline yields usually had a spread of ~ 6% 
(see Table XI). 
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TABLE XI 
Oxidation of 2 -hydrazinoquinoline . 
Oxidising System Conversion - NHNH2 -+ -H ( %) 
CuS0 4/aqueous AcOH 83 + 6 -
Fehling's solution Type I 18 + 2 
-
Ag2 O/H2O 50 + 3 -
AgOAc/ aqueous AcOH 66 + 4 
-
Aqueous K2Cr 20 7 39 + 2 -
(2) Replacement of a Hydrazino Gr oup by a Hydrogen Atom . 
( i) Use of oxygen . 
(a) Stability of hydrazino-azanaphthalenes 
in air. 
Hydrazino-azanaphthalene s when in bulk were not 
readily oxidised by air but 4-, 5- , 6- , and 8-hydrazinoquinoline 
deteriorated more rapidly than the other c ompounds studied. 
(b) Detailed study of 2-hydrazinoquinoline. 
The 0 idation of 2~hydrazinoquinoline, using 
o ygen and sodium hydroxide, was studied mainly in ethanolic 
s olution at 20_250. Weal ly all a line systems were 
investigat d in an attempt to develop a method for the 
repl acement of a hydrazino group by a hydro g n atom in more 
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alkali-sensitive nitrogen heterocyclic systems. The 
results are shown in Table XlIand Figure 2 and the 
experimental procedures are outlined in Section AV (J)(i~. 
When an ethanolic solution of 2-hydrazinoquinoline 
was stirred in oxygen (brisk stream out of a cylinder) no 
detectable reaction o c curred; 2-hydrazinoquinoline (96%) 
was recovered after five hours. or was any quinoline 
formed during such a two hour reaction in the presence 
of finely divided p l atinum. When an ethanolic solution 
of 2-hydrazinoquinoline containing one molar proportion 
of sodium hydroxide was stirred in oxygen-free nitrogen 
onl y 2-hydrazinoquinoline (82%) was recovered after 2 . 5 
hours . In all these experiments the colour of the 
ethanolic solution remained pale ye l low . Stirring the 
same solutions in the presence of both oxygen and sodium 
hydroxide resulted in the rapid oxidation of 2-hydrazino -
quinoline and the formation of a red solution. iV-hen 
0 . 25 molar proportion of sodium hydroxide was used, the 
reaction was fo l lowed by paper chromatography , which 
showed that the 2-hydrazinoquinoline was consumed within 
ten minutes and that the major product was carbostyrilj 
under these conditions , quinoline did not appear on the 
chromatograms because it had an RF of 1 . 0 with the 
developers used . 
Yields of quinoline and carbostyril were determined 
when the relative molar proportion of sodium hydroxide 
was varied . Thus when the molar proportion of sodium 
hydroxide was increased , the yield of quinoline increased 
and reached a maximum (44-48%) at 1-2 molar proportions 
(see Table XU and Figure 2) . With further increase the 
yield of quinoline remained unaltered . Most experiments 
were carried out in the presence of finely divided platinum. 
When the platinum was omitted there was an insignific ant 
decrease in the yield of quinoline, showing that the metal 
had little , if any effect on the reaction. Conversely 
the yield of carbostyril decreased to a minimum (40-43 %) 
at 1-2 molar proportions of sodium hydroxide (see Table 
XIIand Figure 2) . 
When 0.25 molar proportions of sodium hydroxide 
were used pH changes in the system were followed after a 
twenty fold dilution with boiled-out g lass - distilled water. 
The alkali consumption during the reaction led to a pH 
drop from 10. 6 to 7 . 3 in 15 minutes; thereafter it 
remained constant (see Figure 3) . The elaborate steps 
taken to remove carbon dioxide from the system before the 
introduction of 2-hydrazinoquinoline were unnecessary , 
because the same curve was produced without them. A 
brisk str am of oxygen passing through the system removed 
any residual carbon dioxide present. When the same 
solution was stirred in the atmosphere , the change in pH 
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was much slower , reflecting a slower reaction, and some 
sodium carbonate or bicarbonate was slowly precipitated from 
the system . 
2 -Hydrazinoquinoline when stirred in the atmosphere 
wit h aqueous 2 . 4 - sodium hydroxide slowl y decomposed and 
after 23 hours quinoline (48%) was recovered. A similar 
experiment was carried out in a buffer solution (pH 10) at 
spectroscopic dilution , by following the changes in the 
ultraviolet absorption spectrum, and the 2 -hydrazinoquinoline 
was only complete l y decomposed after four hours. The use 
of water and air : as distinct from ethanol and a brisk stream 
Qf oxygen , thus resulted in a muc h slower rate of reaction. 
A simi l ar effect with phenylhydrazine was observed by 
Chattaway (1 907 ). 
Mechanism . The most rapid decomposition of 
2 -hydrazinoquinoline requires the presence of both sodium 
hydroxide and oxygen and is carried out in ethanolic 
solution . In eth ano l ic sodium hydroxide equilibrium (7) 
could e ist althoug h the c oncentration 0 f anion would be 
very small (Ph in equations (7) to (13) is the 2 - quinolyl residue) . 
( ) (-) PhNHNH + OH - :> PhNNH2 + H20 2 <" 
2 -_-Iminoaminoquinoline can be formed by the removal of 
a hydri~e ion by an oxygen molecule (reaction ( 8 )) . 
Quinoline could then be produced as outlined in equations 
(-) 
PhNNH2 + O2 '> PhN== H + 
HO (~) 
2 
( 8) 
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( 9) , (10) , and (11) which is analogous to a scheme propo sed 
PbN=NH + OH( -) ~ PbN 2 
(- ) 
+ H2O ( 9 ) · ..... 
PbN2 
( - ) 
:> Ph (-) + N2 · ..... (10 ) 
Ph(-) + ROH ::- PhH + RO(-) · ..... (11) 
11 11 
by Huni g , Muller, and Thier (1965) for the decomposition of 
diimine. The formation of a diazotate (reactions (12) and 
(13)), which could yield carbostyril when worked up under 
acidic conditions , would be base c onsuming . 
PhN=NH + O2 --:;:;.. 
PhN (+) + 20H(-) ~ 
2 
PbN (+) + 
2 
(-) 
Ph- = - 0 
TABLE XII 
HO (-) 
2 ...... (12) 
••••• 0 
Oxidation of 2 _hydrazinoquinoline in ethanolic and aqueous 
sodium hydroxide at 20_25 0 using o xygen. 
Molar Reaction Yield of Yield of otes 
proportion time 
of aOH (hours) 
C9H7 . HgC1 2 (£) carbostyril (£) 
u sed (~) 
IL 2 . 0 IL (~) (~J 
NIL 5 . 0 IL IL CO(~) 
0 . 20 2 . 0 14 (+ 2) C~J (11) 
0 . 20 12.5 10 ( e )(i) 
0 . 25 0.8 61 
( g) 
0.50 2 .0 23 (e) 
0 . 50 0.8 49 ( g ) 
1. 00 2 . 5 IL 
IL (j) 
Fi 
1. 00 
1.00 
1 . 04 
1. 04 
1. 84 
2.00 
2 . 00 
2 . 00 
2.67 
3 . 32 
40 . 4 
Notes 
(a) 
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TABLE XII ( CO TID) . 
2 . 0 42 
2 . 0 34 
0 . 8 
3.0 
0 . 8 
2 . 0 48 
2 . 0 39 
13.5 39 
0 . 8 
2 . 0 46 
23 . 0 48 
Introduced as aqueous 10.30 - aOH. 
2_hydrazinoquinoline (0.0031 mole). 
45 
40 
40 
43 
Scale was 
M. p . and mixed m.p. 222 _2230 unless specified 
otherwise. 
(£) Chromatograms (Bu/ Ac and H4 Cl) and infrared spectra 
( ujol mUlls) confirmed the product was carbostyril . 
Melting points were variable , but in the rang e 
189-1990 (carbostyril has m.p. 1 980 ; Roos , 1888) . 
7 % Has been added to all yields as representing 
the usual loss in the work up. 
(e) 
(~) 
( g ) 
( g ) 
(~) 
C~J 
(~)(l:) 
(~) (l:) 
(~) 
(~) UJ 
CeJ (~) 
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Notes (cont 'd). 
Mean of 2 experiments. The "steam distillation 
method" yielded a green compound (-20 mg .) 
which started to melt at 210 0 but which had not 
o 
melted completely at 270 • 
(~) In the presence of finely divided platinum. 
(f) 2-Hydrazinoquinoline (96 % yield; m.p. and mixed 
m.p. 142-1430 ) was recovered. 
(~) No platinum present. 
(~) Mean of three experiments. 
(i) 
( j) 
M.p. o 220-223 • 
Carried out under nitrogen cover. 2-Hydrazino-
quinoline (82 %) recovered (identified by infrared 
spectrum) • 
In aqueous 2.36 -sodium hydroxide. Stirred in 
presence of atmospheri c oxygen. Carbostyril ( 6%) 
detected in aqueous residue after steam distillation 
(estimation from ultraviolet spectrum). 
(c) Study of other hydrazino-azanaphthalenes. 
The optimum conditions for the conversion of 
2-hydrazinoquinoline into quinoline were ap plied to other 
hydrazino-azanaphthalenes. Thus the hydrazino c ompound 
was stirred at 20_25 0 in ethanol containing excess sodium 
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hydroxide through which a brisk stream of oxygen was 
bubbled for two hours. The resu lts are summarised in 
Table XIII. 
TABLE XIII 
Oxidation of hydrazino-azanaphthalenes in ethanolic sodium 
hydroxide at 20-25 0 using oxygen. 
Hydrazino-azanaphthalene 
2-hydrazinoquinoline 
3-hydrazinoquinoline 
4-hydrazinoquinoline 
5 -hydrazinoquinoline 
6-hydrazinoquinoline 
7-h ydrazinoquinoline 
8-hydrazinoquinoline 
l-hydrazinoisoquinoline 
5 -hydrazinoisoquinoline 
l-hydrazinophthalazine 
4_hydrazinoquinazoline 
4_hydrazinopteridine 
conversion - HNH -7 -H ( %) 2 
48 
73 
79 
70 
44 
83 
56 
60 
IL 
The hydrazino - azanaphthalenes examined c an be classified 
as follows:-
Hydrazino group a to a ring nitrogen atom. Recov eries of 
73 
the parent heterocycle were in the range 44 to 60%. 
Although competitive reactions occurred to approximately 
the same extent as replacement by a hydro gen atom new 
methods for the preparation of quinazoline and phthalazine 
emerged. 
Hydrazino group not a to a ring nitrogen atom . Recoveries 
of the parent hetero cycle were in the range 70 to 85% 
(cf. phenylhydrazine which gave 95 % benzene , Chatt away , 1 907) . 
Replacement by a hydro gen atom was the dominant reaction . 
Failures . The major failure was 4-hydrazinopteridine . 
Because of the limited solubility of 4-hydrazinopteridine 
in ethanol the oxidation was slow and the pteridine probably 
decomposed as it was formed. The failures of the oxidation 
of l-hydrazinophthalazine and 4-hydrazinoquinazoline in 
refluxing aqueous alkaline conditions are also attributed 
to instability of the products; e . g e Albert and Yamamoto 
(19 66) showed that quinazoline was transformed into 
~-aminobenzaldehyde on refluxing in -sodium hydroxide. 
(ii) Use of cupric compounds. 
(a) Detailed study of 2 - hydrazinoquinoline . 
The oxidation of 2_hydrazinoquinoline by the 
cupric ion has been studied in refluxing aqueous solution 
at various pH values in an attempt to corre l ate the yield 
of quinoline with the pH at whic h the oxidation was performed . 
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It was thought that any effect might be related to pK 
-1 
of 2-hydrazinoquinoline (7.88 at 20 0 ) or the environment 
of the cupric ion in the system. Many of the buffered 
systems were based on those used by Britton and Clissold 
(1942) in their potentiometric study of the oxidation of 
phenylhydrazine by the cupric ion. In all cases an exce ss 
of oxidant as required by equations (14) and (16) or (14) 
and (15) was used under reflux for one hour. 
PbNHNH2 >PhH + N2 + 
2H(+ ) + 2e · ..... (14) 
Cu 2+ 2e~ (15) + Gu · ..... 
Gu2+ + e 
----;:? GU+ · ..... (16) 
(stabilised) 
The results are summarised in Table XIV. 
Oxidations which were carried out between pH 9 . 0 and 10.5 
gave quinoline (50 %) but at pH lJ (Fehling's solution Type 
I) the conversion was 15-20%. The l atter yield was not 
affected either by a change of the cupric ion concentration 
or by a 20% reduction in the total amount of cupric ion 
available. 
In acidic solution the yield of quinoline was 
dependent on the environment of the cupric ion. i i th 
copper sulphate, in water (pH range of oxidation 7 .0-2 . 5) 
or aqueous acetic acid (pH range J.7-1.8),recoveries of 
quinoline were 80% and 8J% respectively. Quinoline (47 %) 
was produc d when a large concentration of acetate ions 
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was present at pH 4.5 and quinoline (17 %) together with 
2-chloroquinoline (50%) when chloride ions were present 
at pH 0 to 1. 
There was no simple relationship between pK of 
-1 
2-hydrazinoquinoline (7.88 at 20 0 ) , the pH at which the 
oxidation was carried out , and the yield of quinoline . 
During the copper sulphate in aqueous acetic acid experiments 
a complex was precipitated and it decomposed rapidly under 
reflux (more slowly at 25 0 ) to yield quinoline, copper, 
nitro gen , and protons (as reflected by the drop in pH) . 
As only ligands capable of formin g weakl y bound complexes 
(i.e. sulphate ions, water, and acetic acid molecules) 
were present the formation of a hydrated cupric complex 
of the hydrazino compound is suspected . When more 
strongly binding ligands (for example , hydroxy, chloride, 
or acetate ions) were present the compl ex would be different 
and the reduced yields of quinoline suggested that its 
decomposition followed a different reaction pathway. 
Whenever the cupric ion was reduced to the cuprous ion 
which was stabilised (as cuprous oxide in alkaline solution 
or as cuprous chloride) less than 52% of quinoline was 
obtained. Thus hi gh yields of quinoline were obtained 
when the cupric ion was present only in its hydrated 
form and there was no stabilisation of the cuprous ion. 
TABLE XIV 
Oxidation of 2-hydrazinoquinoline with Cu2+ at various pH values. 
Oxidising Molar 
system proportion 
Cu2+ used 
Fehling's solution 
Type (I) C~J, (~) 3.1 (~) 
Fehling's solution 
Type (I) (~),(~) 
Fehling's solution 
2. 6 (~) 
Type (I), (~),(~) 3.1 (!) 
CuS04/CU(OH)2 (f) 2.6 
Fehling's solution 
Type (II) (~), C~J 3.1 (!) 
CuS04 ( 1) / a 2c03 
(10) / aHC0 3 (10) C~J , (~) 3.1 (!) 
Fehling's solution 
Type (III) 
(~), (e) 3.1 (i) 
CuS04 (1)/AcOH (10) / 
AcONa (10) (~J, Cg:) 3.1 (!) 
cus04/aqueous AcOH (~) 2.6 
pH range 
of reaction 
(~) 
13. 8-13.7 
13.2-13.2 
13.0-4.0 
10.5-10.5 
9.4-10.0 
9.2-9.1 
0-1. 0 
conversion 
-NHNH2 -7 -H 
( %) 
1 8 ~ 2 UJ 
15 
18 
44 
50 
51 
50 
80 
47 
83 + 6 UJ 
17 + 2 -
chloroquinoline 
(50%) 
, 
77 
Notes to Table XIV 
(~) Fehling's solution Type (I) was c u S0
4 
(1 mole), 
NaOH (10 0 8 moles), and sodium potassium tartrate 
(4.6 moles) in water . 
(£) Fehling's solution Type (II) was CuS0
4 
(1 mole), 
NaOH (505 moles), sodium potassium tartrate (4.6 
moles), and disodium hydrogen phosphate (15 . 1 
moles) in water. 
(£) Molar ratios are in brackets . 
(~) Fehling's solution Type (III) was CuS0
4 
(1 mole), 
sodium potassium tartrate (4 . 6 moles) and borax 
(10 0 0 moles) in water. 
& + . Here Cu was reduced to Cu WhlCh was stabilised . 
This was a mixed system . In acid solution Cu 2+ 
was reduced to Cu while in alkaline solution Cu 2+ 
+ 
was reduced to Cu which was stabilised initially. 
2+ Here Cu was reduced to Cu . 
Molarity of Cu 2+ was 0 .138 . 
(!) Molarity of Cu 2+ was 0.046. 
( j) Mean of five experiments . 
(~) Initial pH stated first , and final pH last (at 25 0 ) . 
(b) Study of other hydrazino - azanaphthalenes . 
The results of the oxidation of hydrazinoquinolines 
and hydrazinoisoquinolines with copper sulphate in water or 
aqueous acetic acid , Fehling 's solution Ty pe (1) and cupric 
hydroxide are summarised in Table XV . 
2-, .3-, 4-, and 6 -Hydrazinoquinoline generally g ave 
quinoline (40-60%) when oxidised with Fehling ' s solution 
Type (1) or cupric hydroxide (alkaline systems) . The action 
of Fehling's solution Type (1) on 2 -hydrazinoquinoline was 
anomalous (18 % yield of quinoline). 
The action of copper sulphate in aqueous acetic 
acid on all hydrazinoquinolines and hydrazinoisoquinolines 
examined afforded the parent heterocycle in 70 - 90% yield . 
Similar yields were obtained from the action of aqueous 
copper sulphate on 2 -, 3-, 4 -, and 6 - hydrazinoquinoline . 
TABLE XV 
d ' hth 1 wl' th Cu2+ . Oxidation of hy razlno-azanap a enes 
Hydrazino-
azanaphthalene 
Conversion - HNH2 ~ -H (%) 
2 -hydrazino- 80 
quinoline 
3-hydrazino-
quinoline 
4-hydrazino-
quinoline 
5 ... hydrazino-
quinoline 
71 
CUS04/ 
aqueous 
AcOH 
C~) 
83:.6 C~J 
72 
73 
Fehling 1s Cu(OH)2/ 
solution Type (1) CuS04 
(c) (d) 
18+2 (~J 44 
57 53 
45 40 
79 
TABLE XV (CO T'D) 
6-hydrazino-
quinoline 91 70 45 
7-hydrazino-
quinoline 7 8 
8-hydrazino-
quinoline 84 
l-hydrazino-
isoquinoline 90 
5 -hydrazino-
isoquinoline 85 
otes 
(~) pH Range was ~ 7.0-2.5; molar proportion of CUS0
4 
was 2.6. 
(£) pH Range was ~4.0-2.0; molar proportion of CUS0
4 
was 2 . 6 . 
(~) pH Of reaction was N13.8; molar proportion of CuS0
4 
was 3.1. Fehling 's solution Type (I) was CuS0
4 
(1 mole), aOH (10.8 moles), and sodium potassium 
tartrate (4.6 moles) in water. 
(~) pH Of reaction was ~ 13.0-4.0; molar proportion of 
CUS0 4 was 2.6. 
(e) Mean of five experiments. 
~r 
r:1 80 
! 
Ii I' 
(c) Th e effect of protonation of the hydrazino 
grou p on the c ourse of the oxidation . 
Th e comp l ex formed by the addition of aqueous 
copper sulphate to phenyl hydraz ine at 25 0 rapidly decomposed 
into benzene , nitro g en , and copper . o reaction occurred 
i n 5N - sulphuric acid either at 1000 dur i n g fifteen minutes 
or at 25 0 during seven days but on basification nitro gen was 
rapidly evo l ved . At pH - 1 . 0 the hydrazino g roup was 
co mpletel y protonated (pK of phenylhydrazine is 5 . 20 at 25 0 ; 
- a 
Fischer , Happer , and Vaughan , 1964) and being positively 
c h arged no complex formation with cupric ion was possible . 
In Section AIII i t was shown that all hydrazino -
quinolines , except the 8 - isomer , accept the first proton 
on the ring nitrogen atom and the second proton on the 
~ -nitro gen atom of the hydrazino group . With copper 
sulphate oxidations in water or aqueous acetic acid the 
final acidity of the system was never more than about 1 . 6 
pH units below P~2 of the hydrazinoquinoline . Thus towards 
the end of the reaction monoprotonated species containing 
an uncharg ed hydrazino group were in equilibrium with 
diprotonated species o The monoprotonated species would 
be decomposed by the cupric ion (always in excess) and 
the equilibrium adjusted to make more monoprotonated species 
available for reaction. The 0 idation of J - hydrazino-
quin olin (P~2 is 2 . 60 at 20 0 ) with copper sulphate at 
pH 7 or 4 was rapid at room temperature . At pH 1 
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(0.1 -H2S04 ) the oxidation was slower but almost complete 
after 1.3 hours at 1000 (little nitro gen evolution on 
basification). At pH 0 (N-H2S04 ) the oxidation was strongly 
suppressed as indicated by a rapid evolution of nitrogen on 
basification after 1.3 hours at 1000 • Albert (1960) 
oxidised 4 -hydrazino -l, 6 - naphthyridine to 1, 6 - naphthyridine 
with aqueous copper sulphate and observed on m~ing the 
reaction mixture alkaline , after 15 minutes , nitro gen was 
once again evolved . In this reaction the decrease in pH 
might have been sufficient to completely protonate the 
hydrazino group of any unconsumed starting material and 
thus suppress the reaction . A similar example was quoted 
by Armarego (1 961) in the oxidation of 4 - hydrazinophthalazine 
to phthalazine with aqueous copper sulphate . 
8 - Hydrazinoquinoline accepted the first proton 
on the a -nitro g en atom of the hydrazino group . Hence 
c helation with cupr i c ion was still possible (between the 
~~ -nitrogen atom of the hydrazino group and the ring nitrogen 
atom) and reaction did occur . 
The replacement of a hydrazino group by a hydrogen 
atom will therefore be suppressed if the reacti on is carried 
out more than two pH units below the ionisation c onstant of 
the hydrazino group in the co mpound. It follows that 
hetero cyc les of low pK cannot be made in good yield by 
- a 
such a reaction under acidic conditions if the hydrazino 
group accepts a proton before the ring nitro gen atom . 
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(d) Failures. 
Schofield and Swain (1950) showed that 4-hydrazino-
quinazoline when refluxed with aqueous copper sulphate did 
not yield quinazoline. Analysis of the product's picrate 
derivative suggested a hydroxyquinazoline, but it was not 
4-hydroxyquinazoline (melting pOint evidence). Under 
similar conditions Armarego (196 6) obtained quinazoline 
(2 %) and Dewar (1944), using Fehling's solution , isolated 
a little quinazoline . The reasons for these results is 
now clear from the work o f Albert and Yamamoto (1966) who 
have shown that quinazoline when refluxed at pH 2 to J 
yields a tetramer of ~- aminobenzaldehyde , but at pH 14 is 
converted into ~-aminobenzaldehyde . In the present work 
4 - hydrazinoquinazoline was oxidised with copper s ulphate 
between pH 9 and pH 5 in the presence of sodium acetate . 
The product was an oil which c ont a ined a hi gh proportion 
of quinazoline (as detected by n . m. r . and paper c hromatography) 
and another c omponent whi c h probably caEained an a ldehyde 
group (n . m. r . evidence) but whi c h was not ~- aminobenz aldehyde , 
( c hromato graphic evidence). 
All attempts, either in the present work or 
previously (Albert , Brown , and Wood , 1954) to obtain 
pteridine from 4-hydrazinopteridine using cupric compounds 
in aqu ous or ethanolic so lution failed . In acidic solution 
n ither was any complex precipitated nor could the evolution 
of nitro gen or the precipitation of copper be observed. 
I ,... 
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Heating such solutions resulted in the slow evolution of 
nitrogen, but produced intractable tars . 
(iii) Use of argentous compounds . 
The conversionS of a hydrazino group to a hydro g en 
atom using argentous compounds are summarised in Table XVI. 
In acidic solution the yields of quinoline obtained 
from 2 -, 3 -, 4-, and 6 - hydrazinoquinoline were often poor. 
Quinoline (- 60%) was obtained by the action of silver 
nitrate on 2-, or 3 -hydrazinoquinoline , but impure quinoline 
(probably c ontaminated by an azido compound) was obtained 
from other hydrazinoquinolines (n.b . ferric nitrate and 
2-hydrazinoquinoline yielded 2-azidoquinoline (l 9%)) . 
lVi th silver acetate the hi g he s t y i eld (66%) was achieved 
with 2-hydrazinoquinoline, ( a -effe c t). A c helate complex 
between the hydraz i no g roup, ring nitrog en atom, and ar g entous 
ion, was pro b ably formed and subsequently de c omposed to 
yield mainly quinoline and silver. As the conversions were 
much lower than achieved by the acidi c cupri c reagents , the 
oxidations of other hydrazino-az anaphthalenes with ar gentous 
compounds were not studied in acidi c solution. 
The c onversions of a hydrazino group to a hydro g en 
atom using silver oxide were 30- 6 5 %. Thes e were oxidations 
under alkaline conditions and the results bore no simple 
relationship to the position of the hydrazino group relative 
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to the ring nitrogen atom or atoms. With the exception 
of 2-hydrazinoquinoline (50% yield of quinoline) and 
l-hydrazinoi soqui noline (65 % yield of quinoline) c onversions 
were much lower than those achieved by the use of oxyg en and 
ethanolic sodium hydroxid e . The reaction failed, as did 
the use of oxygen and ethanolic sodium hydroxide~ with 
4-hydrazinopteridine. 
TABLE XVI 
Oxidations of hydrazino-azanaphthalenes with argentous compounds . 
Hydrazino-
azanaphthalene 
2 -hydrazino -
quinoline 
3 -hydrazino -
quinoline 
4 -hydrazino -
quinoline 
6 -hydrazino-
quinoline 
l-hydrazino-
isoquinoline 
5 -hydrazino-
isoquinoline 
4 -hydrazino -
quinazoline 
4-hydrazino-
pteridine 
AgOAc-!aqueous 
AcQH 
(~J 
66 + 4 (~) (~J 
36 + 1 (f) 
30 
Conversion - HNH2 ---~ - H ( %) 
Aqueous 
Ag 0 3 (b) 
60 
(c) 
50 + 3 (~) 
47 
60 
33 
47 
33 
IL UJ 
-
I ~ 
Notes to Table XVI. (All reactions at 1 000 unless specified 
otherwise). 
pH Range of oxidation was ~ 4.0-3.0. Molar proportion 
of AgOAc was 5.8. 
pH Range o f oxidation was ~ 7.0-3.0. Molar proportion 
o~ Ag 0 3 was 5.8. 
(c) pH Of oxidation was ~ 9.5. Molar proportion of Ag2 0 
was 3.9. 
(~) Mean of five experiments. 
(e) 2-Azidoquinoline (1%) was also isolated. 
(!) Mean of two experiments. 
(~) Unknown mercurichloride of m.p. 194-195 0 produced. 
(~) 
(i) 
Impure; mercurichloride had m.p. 218-219 0 • 
At 1000 (in EtOH) or 25 0 (in water). 
(iv) Use of some transition metal oxides. 
The results obtained from the oxidation of 
hydrazinoazanaphthalenes with some transition metal oxides 
are summarised in Table XVII. 
Chattaway (1908a) found that the action of aqueous 
o 
alkaline potassium permanganate on phenylhydrazine at 25 
produced benzene in hi g h yield. However with the four 
hydrazinoquinolines examined with this reagent (lor 
2 equivalents) the replacement of the hydrazino group by 
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a hydrogen a tom was only 9 - 1 7 %. 
On refluxing hydrazinoquinolines with potassium 
dichromate (1.1 equivalents) in water , quinoline recoveries 
of about 40 % were obtained. These conversions were much 
lower than were obtained with phenylhydrazine which g ave 
benzene ( > 75 %) under the same conditions ( Chattaway, 1 908a ). 
Refluxing a mixture of 2-hydrazinoquinoline, 
mercuric oxide, and water produced quinoline (4J %) and a 
small amount of a diquinolyl mercury hydrate ( C9H6N)2HgltH20 . 
With J-, 4 - , and 6 - hydrazinoquinoline the yields of quinoline 
were very small ( 8-1 5%) . The use of mercuric oxide in the 
presence of oxygen , represented the only method by which 
pteridine was obtained from 4-hydrazinopteridinei the yield 
was only 2 %. 
With all three reagents the oxidations were carried 
out in alkaline solution. The conversions were too 
unsatisfactory to warrant study of their use with other 
hydrazino-azanaphthalenes. 
; 
-
1-
I"' 
TABLE XVII 
Oxidation of h~drazino-azanaEhthalenes with some transition 
metal oxides. 
Conversion of -NHNH2~ -H ( %) 
Hydrazino- Alkaline Aqueous HgO/H2O 
azanaphthalene K2 Cr 2 07 
aqueous 
KMn04 
2 -hydrazino-
quinoline 1 6 (~J (~) 37 + 2 (b) 
-( e)(f) 
3-hydrazino-
quinoline 17 C~J 44 (!J 
4 -hydrazino-
quinoline 15 (~) 42 (b) 
6-hydrazino-
quinoline 9 (~) 42 (b) 
4-hydrazino-
pteridine 
-
IL c.~:) 
Notes 
( a) 
(b) 
( c) 
ihth KMn0
4 
(0.70 molar proportion) a t 25° . 
With K2Cr20 7 
(0.35 molar proportion) at 100°. 
With HgO (2.4 molar proportions) at 100°. 
43 
13 
15 
8 
2 
(~) Conversion was 21% when 1.4 mol a r proportions of 
KMn0
4 
were used . 
(e) Mean of five experiments. 
( c )(h) 
C~J 
(c) 
( c) 
(j) 
-
(1) Conversion was 23% when 1 2Cr 2 0 7 (0.70 molar proportion) 
was used. 
( ~) In pres nce of acetic acid (3 molar proportions) at 25°. 
--~ ~~~----------~--------------------------... 
, 
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Impure; mercurichloride had m.p. 215-2160. 
Brisk stream of 02 passed through solution at 25 0 • 
(3) Replacement of a Hydrazino Group by a Halogen Atom . 
Until recently little was known about the repl acement 
of a hydrazino group by a halogen atom in nitro g enous 
heterocycles (see Table VI in Section AI). In the present 
study it was quickly established that this replacement c ould 
be the dominant reaction when both halide ions and an external 
oxidant were present. The behaviour of hydrazino nitrogen 
heterocycles under these conditions was found to be similar 
to that of arylhydrazines (see Section AI(2)(iii)) . 
The results obtained are summarised in Table XVIII. 
2 -Hydrazinoquinoline was c onverted into the appropriate 
2 -halogenoquinoline by the action of cupric or ferric ions 
in the presence of bromide or chloride ions. The eff ect 
of the c upric ion and ferric ion appeared similar , but 
whereas with copper sulphate in water or aqueous acetic 
acid a hydrazino group was replaced by a hydro gen atom in 
high yield, the action of ferric ammonium s ulphate on 
2 -hydrazinoquinoline afforded only a 9% yield of quinoline. 
2_Iodoquinoline was produced by the action of aqueous iodine , 
periodic acid , or iodic acid on 2_hydrazinoquinoline ; and 
-
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4 - chloroquinoline by the action of ferric chloride on 
4 -hydrazin oquino line . 
TABLE XVIII 
Conversion of hydrazino-azanaphthalenes to halogeno-
azanaph thalenes . 
Hydrazino-
azanaphth a lene 
2 -hydrazinoquinolin e 
2 -hydrazinoquinoline 
2 -hydrazinoquino line 
2 -hydrazinoquinoline 
2 -hydrazinoquinoline 
2 -hydrazin oquinolin e 
4-hydrazinoquinoline 
Oxidant (molar 
proportion in 
brackets) 
CUC1 2 (2.7Y -HCl 
at 1000 
FeCI J(5 . 0)/ -HCl 
at 1000 
FeBr J (4 . 0) / - HBr 
at 1000 
Aqueous I 2 (2 .J) 
at 25 0 
HI04 (2 .1) / -HCl 
at 25 0 
HIO J ( 2 . J ) / -HCl o 
at 25 
FeC I J(5 . 0) / -HCl 
at 1 00 0 
Product and 
yie l d 
2 - chloroquinoline 
(50 %) + quinoline 
(17 %) 
2 - chloroquinoline 
(71 %) 
2 - bromoquinoline 
(70%) 
2 - iodoquinoline 
(50%) 
2 - iodoquinoline 
(14 %) 
2 - iodoquinoline 
(JO %) 
4 - c hloroquinoline 
( 67 %) 
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(4) Factors to be Considered in the Choice of an Oxidant 
to Effect the Replacement of a Hydrazino Group by a 
Hydrogen Atom. 
This replacement is best carried out in aqueous 
or ethanolic solution. The use of aromatic solvents is 
to be avoided. Hardie and Thomson (1957) showed the 
oxidation of 2-naphthylhydrazine in benzene with silver 
oxide yielded both naphthalene and 2 - phenylnaphthalene . 
Halide, nitrate, or nitrite ions shoul d not be present 
because they will promote appreciable side reactions 
(replacement by halogen or the formation of azido compounds) 
which may even become dominant . 
The replacement of a hydrazino group by a hydro gen 
atom can be carried out in acid or alkaline solution . The 
best reagent for an alkaline oxidation is oxygen (in the 
presence of ethanolic sodium hydroxide at 25 0 ) which has 
been successful in the acridine (Albert, 1965), quinoline, 
isoquinoline, phthalazine , and quinazoline series (present 
work). Mercuric oxide is effective when the hydrazino 
group is a to a ring nitro gen atom in the phthalazine , 
pyridazine (Par s ons and Rodda , 1966) , quinoline and pteridine 
series (present work) . Silver oxide is moderately 
successful but the conversions are usually lower than those 
achi v d by using oxygen in the presence of ethanolic sodium 
hydro id. The use of potassium permanganate , potassium 
dichromat or cupric compounds und r all aline conditions is 
1 i 
II 
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of little value. 
Copper sulphate in water or aqueous acetic acid 
is normally the best means of replacing a hydrazino group 
by a hydrogen atom under acidic conditions . This reag ent 
is widely successful in the quinoline or isoquinoline series 
and in many other systems , (see Table III in Section 
AI (2)(ii)(c)) although it failed with 4 -hydrazinopteridine 
and 4-hydrazinoquinazoline. Silver acetate can be effe c tive 
only when the hydrazino group is in an a - position to a ring 
nitrogen atom . This was demonstrated with 2 -hydrazinoquinoline 
and noted in Section AI(2)(ii)(d) . 
Whether the replacement of a hydrazino group by 
a hydrogen atom should be c arried out in acidic or alkaline 
conditions will be determined by the stability of the 
product to the conditions. This is illustrated by the 
cases of 4-hydrazinoquinazoline, 4 -hydrazinopteri d ine, 
J -hydrazino-l, 2 - diazafluoranthene (see Section AI, Tables 
I, III, and V) and 4-hydrazino-l, 2,J-benzotriazene (see 
Section AI, Table III). If an oxidation is to be carried 
out in acidic solution , it is essential to know or estimate 
the pK value associated with the hydrazino group in the 
- a 
compound. This was previously illustrated with the action 
of copper sul phate on phenylhydrazine and J -hydrazinoquinoline 
at various pH values (Section AIV(2)(ii)(c)) . 
-
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(5) Replacement of a Hydrazino Group by a Deuterium Atom . 
All seven monodeuterated quinolines, and 1-, and 
5 -deuteroi soquinoline , none of which had been previously 
prepared, were obtained in good yield () 65 %) by the action 
of anhydrous copper sulphate in deuterium oxide on the 
appropriate hydrazino compound. Their nuclear magnetic 
resonance spectra were determined in carbon tetrachloride 
(quinolines) or deuterochloroform (isoquinolines) at 
concentrations of 10-20% wt./vol. and are shown in Figures 
4, 5, 6, 7, and 8 . 
The th80retical spectra for all seven monodeuterated 
quinolines were kindly calculated by Dr T . J . Batterham of 
the Department of Medical Chemistry , Australian ational 
University, Canberra , using a modified LAOCOO II computer 
programme (Bothner and Castellano, 1964), from the parameters 
(chemical shifts and coupling constants of the protons of 
quinoline in carbon tetrachloride) reported by Black and 
Heffernan (1964). These theoretical spectra are shown 
as line diagrams under the observed spectra and establish 
the identity of each monodeuterated quinoline. The 
observed spectrum was always shifted downfield (up to 10 
cycles in some cases) when compared to the theoretical 
spectrum. This shift could be attributed to concentration 
eff cts , or the assumption made in the calculation , that 
the insertion of a deuterium atom in the quinoline nucleus 
had no ff ct on the spectrum apart from collapsing the 
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peaks associated with the hydrogen atom it replaced, 
might not have been completely justified. The chemical 
shifts (~) quoted on all spectra are observed values 
measured from the 400 cyc le calibrating sideband of the 
Perkin-Elmer R 10 spectrometer. In Table XIX the 
relevant portions of the spectrum of the parent heterocycle 
are compared with those of the spectra of the deuterated 
compounds. 
It is concluded that when a hydrazino group can 
be replaced by a hydro gen atom with aqueous copper sulphate, 
then replacement by a deuterium atom will occur if the 
oxidation is carried out i n deuterium oxide. 
..: 
r ~ 
TABLE XIX 
Notes on the n .m. r . spectra of the monodeuterat ed quinoline s and isoquinolines (figures 4 to 8) . 
Compound 
2-deutero-
quinoline 
(figure 4) 
3~deutero-
quinoline 
(figure 5) 
Quinoline or Isoquinoline 
Spectrum 
(figures 4 and 8 ) 
Co lumn 1 Column 2 
Portion of Assignment 
spectrum 
considered (see note :£) 
(see note ~) 
Quartet H2 ( split by 
(0.98-1.10 ) H3 and H4) 
Quartet H3 ( split by 
(2. 61-2. 83) H2 and H4) 
Quartet H3 ( split by 
(2. 61 - 2 . 83) H2 and H4) 
Quartet H2 (split by 
(0.98-1.10) H3 and H4) 
Spectrum of deutero - compound 
Co lumn 3 Co lumn 4 
Nature of c hange Reason for change 
in spectrum 
relative to column 1 ( see note b) 
(se e note a) 
\0 
+=-
AbseitiI H2 is replaced by D 
Now a doublet H2 is absent and H3 
(2.60- 2 .71 ) is only split by H4 
Absent H3 is replaced by D 
Broadened singl et Broadening from 
(1.10 ) interaction of H2 
with H4 and D 
- 0 oj 
.. 
3 - deutero -
quinoline 
(continued) 
4 - deutero -
quinoline 
(figure 5) 
5-deutero-
quinoline 
(figure 6) 
6 - deutero -
quinoline 
(figure 6) 
Broadened 
peaks 
(1. 94 - 2 . 06) 
Between 
1. 75-2 . 10 
Quartet 
(0.9 8 - 1.10) 
Quartet 
(2 . 61-2.83) 
Between 
2 . '10-2 . 60 
Between 
2010-2 . 60 
TABLE XIX (CONT'D) 
H4 (split by 
H3 and H2) 
Signal from 
H4 (split by 
H3 and H2) is 
in this portion 
H2 (split by 
H3 and H4) 
H3 (split by 
H2 and H4) 
H5 , H6, and H7 
H5 , H6 , and H7 
Intense broadened 
peak at 1 . 90 
Spectrum simplified 
None - still a 
quartet 
Complex spectrum 
2 . 55-2 .69 
Spectrum simplified . 
Peaks between 2 . 35-
2050 broadened. 
Spectrum simplified 
to broadened peak 
(2 . 12 ) and doublet 
( 2 . 24-2 . 31 ) 
Includes signal fro m 
H4 which is no longer 
split by H3 . Peak 
broadened through 
interaction of H4 and D . 
H4 is absent 
H2 is now split by 
H3 and D 
H3 is split by H2 
and D . Some over-
lapping with signal 
from H6 . 
\0 
\.Jl 
Broadening because of 
interaction 0 f H6 and D . 
Broadening because of 
interaction of H7 and 
H5 with D 
-J 
7 - deutero -
quinoline 
( figure 7) 
8-deutero -
quinoline 
(figure 7) 
l - deuteroiso -
quino l i n e 
( figure 8) 
5 - deuteroiso-
quinoline 
( figure 8) 
Between 
1 . 64 - 1 . 80 
Between 
2 . 00-2 .. 60 
Between 
1 . 60 - 2 .. 25 
Singlet 
0 . 73 
Doublet 
at 
at 
1. 40-1. 49 
Singlet at 
0 . 73 
Doublet at 
1. 40- 1. 49 
TABLE XIX ( CONTID) 
H8 ( split by 
H5 , H6, and H7) 
H5 , H6 , and H7 
H4 and H8 
Hl 
H3 ( split by 
H4) 
Hl 
H3 ( split by 
Hl.j.) 
Broa~ened doublet 
at 1. 80 
Spectrum simplified 
Spectrum simplified . 
Quartet between 
1 . 65 - 1 . 71 assigned 
to H8 in quinoline 
is absent 
Absent 
Now an unresolved 
hump (integrates 
for 1 proton) . 
Both now unresolved 
humps which 
collectively 
integrate for 2 
protons 
H8 is now only weakly 
coupled to H5 and H6 . 
Broadening because of 
interaction 0 f H8 and D . 
Broadening of peaks at 
2 . 25 , and 2 . 40 because 
of i n teraction of H6 
and D. 
H8 has been replaced 
by D. 
Hl replaced by D. 
Reason for lack 0 f 
resolution not known . 
Reason for lack 0 f 
resolution not known . 
\0 
0\ 
j 
I 
Notes to Table XIX 
a Figures in brackets are chemical shifts ( '"G) • 
b H2 refers to the hydrogen atom in position 2 etc . 
D is deuterium ~ 0...1-0 "", " 
\D 
-..J 
- -"J 
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(1) Introduction 
103 
SECTION AV 
EXPERIMENTAL 
Micro-analyses were carried out by Dr. J.E. Fildes, 
and assistant analysts (Mrs. I. Komorowski and Mrs . • Rincic) 
in the Micro-analytical Section of the Department of Medical 
Chemistry , Australian National University, Canberra . 
Melting points were determined in Electrothermal 
g las s capi llarie s inserted in an electrically heated copper 
block (Townson and Mercer Ltd., Type V Melting Point Apparatus) 
and are uncorrected. All the hydrazino compounds examined 
decomposed at the melting point with effervescence. The term 
mixed m.p. means that the compound was mixed with authentic 
material and the melting point determined. 
All paper chromatography was carried out by the 
"ascending front" method using ',,"hatman 0.1 or 0 . 4 paper. 
3% Aqueous ammonium chloride ( H4 Cl) or n-butanol (7 volumes) 
+ 5N-acetic acid (3 volumes) (Bu/Ac) were used as developers. 
Chromatograms were examined under ultraviolet light of two 
principal wavelengths, (a) 365 m~ from a mercury vapour lamp 
and a Wood's glass filter, (b) 254 m~ from a mercury resonance 
lamp and a Chance Brotherst OX7/l9874 filter. 'Vhen two 
substance s had to be compared for identity they were a lways 
run simultaneously. 
Infrared absorption spectra were me asured with a 
Unicam .p. 200 spectrophotometer using either potassium 
bromide discs (IBr) or ujol mull s ( ujol). 
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uclear magnetic resonance spectra were measured 
with a Perkin-Elmer R.10 nuclear magnetic resonance spectro -
meter operating at 60 me gacycles and 33.5 0 by Dr T.J. Batterham 
or Mr S . Brown of the Department of Medical Chemistry , 
Australian ational University, Canberra. 
Ultraviolet spectra for comparative purposes were 
measured on a Shimadzu R.S.27 recording spectrophotometer. 
Followin g the practice of The Chemical Society , 
the n a me s of new compounds are underlined (in lieu of italics) 
at their first mention in the body of the experimental text. 
ames which are headings , however, are also underlined, 
although this does not indicate that the compound is new. 
Contrary to the practice of The Chemical Society all 
analyses are quoted in one form (whether compounds are new or not). 
(2) Synthetic Studies 
(i) Quinoline series. 
2-Hydrazinoquinoline (m.p. 142_1430 ) was prepared 
(82% yield) from 2-chloroquinoline and hydrazine hydrate as 
described by Perkin and Robinson (1913) who gave m.p. 142-1430 
and 89% yield. Marckwald and Meyer (1900) gave m.p. o 134-135 • 
3-Hydrazinoquinoline (m.p. 176-1770) was prepared 
(42% yield) from 3-aminoquinoline through the diazonium 
c hloride whi c h was reduced with stannous chloride in hydro-
chloric acid as d scribed by Hnnig and Werner (1959) who 
gave m.p. 173_1760 and 42% yield. Clemo and Felton (1951) 
o 
m.p. 180. 5 • 
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(I~bl) 
and Jacquignon~gave 
Quinoline-I-oxide dihydrate (m.p. 55-580) was 
prepared (70% yield) by the oxidation of quinoline with 
hydrogen peroxide in glacial acetic acid. Ochiai (1953), 
who gave m.p. 60 _ 62 0 and 90 % yield , specified a 3 hour 
reaction at 65-700 using hydrogen peroxide (1 molar proportion). 
These conditions yielded no product and were amended to 1000 
for 9 hours, a further molar proportion of hydro gen peroxide 
being added after 3 hours. 
4 -pitroquinoline-l-oxide (m.p. 1 53- 1540) was 
obtained (55 % yield) by the nitration of quinoline-I-oxide 
as described by Ochiai (1953) who g ave m.p. 153-1540 and 
67% yield . 
4-Chloroquinoline (picrate m.p. 214 - 2150) was 
prepared (76 % yield) by the action 0 f phosphorus trichloride 
on 4-nitroquinoline-l-oxide in chloroform as described by 
Hamana (1 951) who g ave picrate m.p. 217 0 and 81% yield on a 
1 9 . scale . The scal e was inc reased twenty fold using a 
large flask (initial reaction was vi gorous). 4 - Chloro-
quinoline prepared by the action of sulphuryl chloride on 
quinoline-I-oxide dihydrate according to Bobranski (1938) 
was impure (picrate m.p. 200~2020) . Bobranski (1938) gave 
o picrate m.p. 212 -213 • 
4-Hydrazinoguinoline. 4-Hydrazinoquinoline 
monohydro chloride (m.p. 309-3100 ~ aqueous ethanol) was 
prepared by r flu ing 4_chloroquinoline with hydrazine 
.. 
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hydr ate in propan- l - ol according to Mann, Prior , and iVillcox 
( 1959) who gave m. p . 3110 and 87% yield . 4-Hydrazinoquinoline 
was stored as its monohydrochloride . The chloroform extract 
of an aqueous so l ution of the hydrochl oride (adjusted to pH 
12) yielded 4 - hydraz inoquino l ine (m . p . 157 - 1580 , ex benzene) . 
Th e overall yield of 4 - hydrazinoquinoline from 4 - chloro -
quinoline was 50%. Picrate (ex ethanol) had m. p . 203- 204 0 
and t h e benzal dehyde derivative (ex aqueous ethanol) had 
o 
m. p . 228- 230 • Itai and Kamiya (1961) gave m. p. 1580 for 
4 - hydrazinoquinolin e (picrate m. p . 204 0 and benzaldehyde 
de r ivative m. p . 226 _ 2280 ) . 
Quinoline - 4 - sulphonic acid (m e P . 336- 3380 ) was 
prepared ( 78% yield) from 4 - chloroquinoline and aqueous 
sodium sulph ite accordi ng to Ochiai and Suzuki (1954) who 
gave m. P .> 2800 and 80% yield . 
Action of hydrazine on quinoline - 4 - sulphonic acid 
under pressure . Quinoline - 4 - sulphonic acid (4 . 2 g . ) , 99% 
h ydrazine hydrate (16 ml. ) , water (24 ml . ) , and zinc chloride 
o ( trace) were heated in a n autoclave for 24 hours at 100- 108 • 
Addition of water t o t h e cooled mixture yielded 3-2 1 -amino -
p h enylpyrazole (84% yield) which was identical to that prepared 
from 4 - chloroquino l ine and hydrazine hydrate under pressure 
a c cording to Alberti ( 1957) and had m. p . and mixed m. p, 
125_1260 ( __ benze n e) . Picrate had m. p . and mixed m. p. 
o 191-1 92 • 
Al berti (1957) gave m. p . 1250 and picrate m. p . 
Th e n . m. r . spectrum (in trifluoroacetic acid) 
I 
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gave an AB quartet (each doublet integrated for one hydrogen 
atom ; ~ A, 1.55; ~ B , 2 . 75; J AB = 2 c/sec) and a broadened 
singlet (~, 2 .12) which integrated for four protons . 
Action of hydrazine on quinoline-4-sulphonic acid 
at atmospheric pressure. Quinoline-4-sulphonic acid 
(2.1 g .), 99% hydrazine hydrate (2 . 6 mI.), water (11 mI . ) , 
and zinc chloride (trace) were refluxed for eighteen hours. 
The chloroform extract of the solution (adjusted to pH 12) 
yielded 4-hydrazinoquinoline (50 % yield; m.p. 154-155°; 
o picrate m.p. and mixed m.p. 204 - 205 ; benzaldehyde derivative 
5 -Aminoquinoline (m.p. 108_1090 ) was prepared 
(65% yield) by the reduction of 5 -nitroquinoline with stannous 
chloride in hydrochloric acid as described by Dikshoorn (1929) 
who gave m.p. 1100 and yield 64%. 
6-Aminoquinoline (m.p. 114-1150 ) was prepared 
(73% yield) by the reduction of 6-ni troquinoline with iron 
powder in glacial acetic acid as described by Linsker and 
Evans (1 946) who gave m.p. 1140 and 85 % yield. 
7 -Nitroquinoline (m.p. 132-1340 ) was prepared 
(11 % yield) by a Skraup reaction on m_nitroaniline followed 
by separation from the more plentiful 5 -i somer by the method 
o 
of Bradford , Elliott , and Rowe (1947) who gave m.p. 136 • 
7_Amino quinoline monohydrate (m.p. 74-75
0
) was 
prepared ( 85% yield) by hydrogenating (atmospheric pressure) 
7 -nitroquinoline in acetone using Raney nickel as catalyst 
I 
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by the method of Winterbottom (1940) who gave m.p . 74-75 . 5 0 
and 95% yield . 
8 -Aminoquinoline (m.p. 64_65 0 ) was prepared 
(74 % yield) by the reduction of 8 -nitroquinoline in glacial 
acetic acid with iron powder as described by Dikshoorn 
(1929) who gave m.p. 65 0 and 75 % yield. 
General method for the preparation of 5-, 6 -, 7 
and 8 -hydrazinoquinolines. Sodium nitrite (Z mole) in 
water (5 ml. per g . of NaN0 2 ) was added dropwise to a 
solution of the aminoquinoline (Z mole) in concentrated 
hydrochloric acid and stirring continued for one hour after 
the addition (all at <30 ). Stannous chloride (3Z mole) 
in concentrated hydrochloric acid (1 ml . per g . of SnC12 2H20) 
was added dropwise with stirring at<lOo . After standing 
at 0 0 (overnight) the hydrazinoquinoline stannichloride 
complex was removed, washed with a little absolute ethanol 
and then ether. This complex could be stored for at least 
one year without deterioration . To liberate the free base 
an aqueous solution of the hydrazinoquinoline stannic hloride 
complex (5 g .) was mixed with 10 -sodium hydro ide (100 ml.) 
and the whole quickly extracted with chloroform. The 
chloroform extract was evaporated and the residue 
o 
recrystallised from benzene (but light petroleum, b . p. 40- 6 0 , 
for 8-hydrazinoquinoline) to yield :-
( a) 5-h ydrazinoquinoline (42 % overall yield from the amino-
quinolin 
o ) mop. 157-1 5 8 • 
o 
Dufton (1892) gave m.p. 150-1 51 • 
Buu-Hol , P~rin, and Jacquignon (1962) g ave m.p. 1 6 3 9 • 
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(b) 6-hydrazinoquinoline (64% overall yield) m.p. 130-131°. 
(Found for material dried at 80% .1 mm.; C , 6 8 . 5; H , 5 . 7; 
N , 26.6 . 
Dihydrochloride had m.p. 220_221 ° (Hunsberger, Shaw , Fugger , 
Ketcham and Lednicer (1956) g ave m. p. 21 9 _ 22 0°) . 
(c) 7 - h ydrazinoquinoline (66 % overall yield) m.p . ° 157-1 5 8 • 
Kulka and Manske (1952) gave m. p, 162_163°. H-ilnig and 
Werner (1959) g ave m. p . 148-150° and y i e l d 69 %. Picrate 
( ex ethanol) had m.p. 183_1 84° and hydrochloride m. p . 248- 249°. 
(d) 8 -hydrazinoquinoline (47 % overall yield) m.p , 63~64°. 
Dufton (1891) gave m.p. 64° . Krasavin , Parusnikov, and 
Dziomko (1963) gave m. p . 63 . 5 - 65° . 
7 - Chloro-8-nitroquinoline. A mixture of 5 - , 
and 7 - chloroquinolines was prepared (77 % yield) by a Skraup 
reaction on ~-chloroaniline as described by Fourneau , 
,; / () % Trefouel, Trefouel, and ivancolle 1930 who g ave 86 yield . 
7 - Chloro - 8-nitroquinoline (30% yield; m. p . 183_184°) and 
5 - chloro - 8-nitroquinoline (12 % yield; m. p . 136-137°) were 
prepared by the nitration of the mixed chloroquinolines and 
separated by fractional crystallisation from ethanol as 
, ,. 
described by Fourneau , Trefouel , Trefouel, and Wancolle 
(1 930) who gave the same melting points . 
7 -Dimethylamino - 8-ni troquinoline . 7 - Chloro - 8 -
nitroquinoline (1.00 g .), 33% ethanolic dimethylamine (10 ml . ) , 
and dimethylfo rmamide (20 ml.) were stirred at 25° for 
L~ 8 hours . Mor ethanolic dimethylamine (10 ml.) was added 
II 
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after 24 hours. Water (200 ml.) was added and 7-dimethyl-
amino- 8-nitroguinoline removed (98% yield; m.p. 163-1640 ). 
The action of hydrazine on 7-chloro-8-nitroguinoline 
in dimethylsulphoxide. 7-Chloro-8-nitroquinoline (1.00 g .), 
99% hydrazine hydrate (5 ml.), and dimethylsulphoxide (40 ml.) 
were stirred at 25 0 for 24 hours. After dilution with water 
(200 ml.) and extraction with chloroform the following 
procedures were carried out: (~) The chloroform was 
evaporated, the sticky yellow residue triturated with a li ttle 
ether and 7-hydrazinoquinoline (49% yield; m.p. and mixed 
m.p., ex benzene, 156-1570) removed. Molecular weight 
(elevation b.p. benzene) was 145 and 151 ( C9H9 3 requires 
159). . (Found ,26.5%; C9H9 3 requires 26.4%). 
The picrate had m.p. and mixed m.p. 183-1840 • (b) The 
chloroform extract on saturation with dry hydro gen chloride 
gas yielded 7-hydrazinoquinoline hydro c hloride (53% yield; 
The ultraviolet spectrum of the crude 
material at pH 4.0 corresponded with that of 7-hydrazino-
quinoline and showed no trace of 8_hydrazinoquinoline. The 
hydro c hloride on purification by conversion to the free base, 
dissolution in c hloroform, and re-formation had m.p. and 
The action of hydrazine on 7-chloro-8-nitroguinoline 
in ethanol and without solvent. 7-Chloro-8-nitroquinoline 
when refluxed in excess ethanolic hydrazine hydrate (1 hr.), 
or e cess hydrazine hydrate (3 hrs.), yielded 7-hydrazino-
quinoline (8% and 12% yield respectively). 
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The action of hydrazine on 7-chloro-8-nitroquinoline 
in dimethylformamide. 7-Chloro - 8-nitroquinoline (1.00 g . ) , 
99% hydrazine hydrate (2 ml.), and dimethylformamide (20 mI.) 
were stirred at 250 . Dimethylamine was evolved (recogni sed 
by smell; white fumes with hydrogen chloride) and more 
hydrazine hydrate (10 mI.) was added after 4.5 hours. After 
20 hours dilution with water (100 mI.) yielded 7 - dimethylamino-
8 -nitroquinoline (28% yield; m.p. and mixed m.p. 163-1640 ). 
(Found for material dried at 1000 ; C, 60 . 9; H, 5.4; 
, 19.3; C , 60.8; H, 5.1; , 19.3%) . 
The chloroform extract of the filtrat e yielded 7-hydrazino-
quinoline (22% yield; m.p. 156-1570; mixed m.p. 157-1580). 
Picrate had m.p. and mixed m.p. o 183-184 • The aqueols 
layer was evaporated (in vacuo) and the chloroform extrac t 
of the residue yielded formylhydrazine of m.p. 47 - 49 0 (ex 
ethanol) . Sch8fer and Schwan (1895) gave m.p. 54 0 • 
(ii) Isoquinoline series . 
Isoguinoline -l-oxide hemihydrate (m.p. 102_1060 ) 
was prepared (60% yield) by the oxidation of isoquinoline 
with hydrogen peroxide in glacial acetic acid as described 
o 
by Robison and Robison (1956) who gave m.p. 105-106 and 
65% yield. 
l-Chloroisoguinoline was prepared from quinoline-
I-oxide hemihydrate using a simplified version of the method 
of Ikehara (1 954) . Isoquinoline-l-oxide hemihydrate (10 g .) 
was add d portionwise (vi go rous reaction) to phosphoryl 
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chloride (60 ml . ) . o The whole was heated at 95 - 100 for 
1. 5 hours , poured on to ice , adjusted to pH 12 , and steam 
distilled . The chloroform extract of the distillate 
yielded l - chloroisoquinoline (76%; picrate , ex ethanol , 
m. p . 186- 1880 ) . Ikehara (1954) gave picrate m. p . 183- 1850 
and yield 63% (s cale 19. ). 
l - Hydrazinoisoquinoline . l-Chloroisoquinoline 
(7 . 9 g . ) , ethanol (35 ml . ) , and 99% hydrazine hydrate 
(30 ml . ) were refluxed for 1 . 5 hours . The solution was 
evaporated to dryness in vacuo and the residue after washing 
with warm water yielded l - hydrazinoisoquinoline (65 % yield; 
m. p., ex ethanol , 172- 1730) . (Found for material dried at 
800/0 . 1 mm . ; C , 68 . 3; H , 5 . 6; ,26 . 2 . C9
H9 3 requires 
C, 67 . 9 ; H, 5 . 7 ; , 26 . 4 %) . Druey (1954) and Kauffmann , 
Hansen, Kosel, and Schoeneck (1962) gave m. p . 17 20 • 
Homophthal imide (m . p . 233 _ 2360 ) was prepared 
(75 % yield) from homophthalic acid by heating the ammonium 
salt according to Harriman , Shelton, van Campen, and Warren 
( 1945) who gave m. p . 230 - 2330 and 83% yield . 
1 , 3 - Dichloroisoquinoline (m.p . 121 - 1220 ex light 
petroleum b . p . 80 _1000 ) was prepared (62% yield) by the 
action 0 f phosphoryl chloride on homophthalimide in a sealed 
g l ass tube as described by Gabriel (1886) who gave m. p. 
122 - 1230 and 40% yie l d . The reaction time was inc reased 
fro m 3 to 8 hours . 
3 _Ch loroisoquinoline (m . p . 42 - 45 0 ) was prepared 
(89 % yie l d) by the action of red phosphorus and hydriodi c 
I ~ 
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acid in acetic acid on 1 , 3 - dichloroisoquinoline according 
to Haworth and Robinson (1948) who gave m.p. 46 . 5-47 . 5 0 • 
The reaction period was extended from 6 to 10 hours . 
3 - Aminoisoguinoline (m . p . 175- 1770) was prepared 
(44 % yield) by the action of ammonia , under pressure , on 
3 - chloroisoquino l ine as described by Osborn , Schofield , 
and Short (1956) who gave m. p . 176 -1770 and 68% yield . 
Attempted preparation of 3 - hydrazinoisoguinoline . 
An attempt was made to diazotise 3 - aminoquinoline (4 . 2 g . ), 
and reduce the diazonium chloride with stannous chloride 
in concentrated hydrochloric acid as described on page 108 . 
The tin was removed (H2S) from an aqueous solution of the 
stannichloride complex which was then concentrated to 
20 mI . Basification with ammonia (d . 0 . 92) y~elded an 
unknown compound (0 . 45 g . ; m. p . 185 - 1900) which was not a 
hydrazino compound (no effervescence with aqueous alkaline 
potassium permanganate or chromic acid) . 
4 - Bromoisoquinoline (b . p . 144 - 1540 at 15/20 mm.) 
was prepared (51 % yield) by the method of Padbury and 
Lindwal1 (1945) who gave b . p . 140- 1480 at 15 mm . and 71% 
yield . 
4-Aminoisoguinoline (m . p . 104 - 107 0 ) was prepared 
(60 % yield) from ammonia and 4-bromoisoquinoline under 
pressure as described by Craig and Cass (1942) who gave 
m.p . 107-1090 and yield 70%. 
4 - Hydrazinoisoquinoline . An attempt was made 
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to diazotise 4-aminoisoquinoline (10 g . ) and reduce the 
diazonium chloride with stannous chloride as described 
on page 108. The stannichloride complex was dissolved in 
water . (~) Basification, extraction with chloroform 
followed by evaporation yielded a red gum . (£) Removal 
of the tin (H2 S) , concentration , and basification yielded 
a brown gum which could not be purified and when treated 
with chromic acid or aqueous alkaline potassium permanganate 
effervesced (hence a hydrazino compound) . 
of the tin (H2S) , followed by evaporation to dryness yielded 
a water soluble yellow solid A (9 g . ; started to melt at 
225 0 but left a residue) . Extraction of an aqueous 
solution of A at pH 10 with chloroform yielded a brown solid 
which gave the characteristic reactions of a hydrazino 
compound (effervescence with aqueous alkaline potassium 
permanganate and chromic acid). The brown solid (ex 3 g . 
of A) was extracted with benzene (10 mI . ; steam bath), 
filtered , and reprecipitated with light petroleum to yield 
impure 4 - hydrazinoisoquinoline (0.20 g . ; m.p . 124 - 1270) . 
The product could not be purified and decomposed in 
benzene when heated over a bunsen flame . The smallness 
of the yield prevented an oxidative study. Benzaldehyde 
o 
derivative (ex ethanol) had m. p . 236 - 238 • 
o 4 - hydrazinoisoquinoline could be isolated 
from th action of hydrazine hydrate on 4 - bromoisoquinoline 
either by reflu ing or in a sealed tube (12 hours at 100 - 1100 ) . 
~~L~ ____________________________ .. -
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5 - Nitroisoquinoline (m . p . 108- 1100 ) was prepared 
(80% yield) by the nitration of isoquinoline as described 
by Le F~vre and Le F~vre (1935) who gave m. p . 1100 and 
100% yield (crude material). Any 8 - nitroisoquinoline 
(Dewar and Maitlis (1957) gave m. p . 87 - 87 . 50) was removed 
on crystallisation from benzene . 
5- Aminoisoquinoline (m . p . 127 - 1290) was prepared 
(68% yield) by the hydrogenation , at atmospheri c pressure , 
of 5 - nitroisoquinoline in glacial acetic acid, using 
palladium on charcoal (5 %) as catalyst , as described by 
Misani and Bogert (1945) who gave m. p . 127 - 1290 and 85 % 
yield. Their comments on the use of methanol as solvent 
are endorsed (reaction did not go to completion) . 
5-Hydrazinoisoquinoline (m . p . 1 61 - 1620 ) was 
prepared (42% yield) from 5 - aminoisoquinoline by a stannous 
chloride reduction of the diazonium chloride as described 
o 
by Manske and Kulka (1949) who gave corrected m.p . 165- 167 
and 51% yield . 
( iii) Quinazo l ine series . 
4-Chloroquinazoline (m . p . 95 - 97 0 ) was prepared 
( 91% yield) by the chlorination of 4-hydroxyquinazoline 
with phosphoryl chloride and phosphorus pentachloride as 
o 
described by Armarego (1961) who gave m. p . 97-98 and 
74% yi ld . The chromatographic purification employed 
by Armarego ( 1 961) was unnecessary if the product was 
~~l~ ____________________ _ 
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used immediately . 
4 -Hydrazinoquinazoline . 99% Hydrazine hydrate 
( 20 ml.) was quickly added to a solution of 4 - c hloroquinazoline 
(15.5 g .) in ethano l (400 ml.) and left at 25 0 for 3 hours . 
The solution was c oncentrated to 50 ml ., refri gerated , and 
the 4 -hydrazinoquinazoline (74 % yield; m.p., ex pyridine, 
1 90 -1 92 0 ) removed. Dewar (1944) g ave m. p . 1860 . 
(iv) Pteridine series . 
4 , 6 - Dichloro - 5-ni tropyrimidine (m . p . 96 - 99 0 ) was 
prepared (73% yield) by the chlorination of 4 , 6 - dihydroxy-
5 -ni tropyrimidine with phosphoryl chloride in diethylaniline 
as described by Boon, Jones , and Ramage (1 951) who gave 
no m. p . and 85 % yield. 
4 _Amino _ 6 _ chl oro - 5-nitropyrimidine (m . p . l54~15 6°) 
was prepared (50% yie l d) from 4 , 6 - dichloro-5 -nitropyrimidine 
and ethanolic ammonia according to Boon , Jones, and Ramage 
(1 951 ) who g ave m.p. 155-1560 and 54% yield. 
4,5_Diamino_6_mercaptopyrimidine (m.p. 25 9 - 2610 ) 
was prepared ( 75 % yield) by the reductionof 4 - amino - 6 -
chloro-5-nitropyrimidine as described by Albert , Brown, 
a n d Wood (1954) who g ave m.p. 257 0 and 80% yield . 
4 , 5 _Diamino _ 6 _methylthiopyrimidine (m.p. 1 56 - 1 5 80 ) 
was prepared ( 82 % yie l d) by the methylation of 4 , 5 - diamino -
6 _mercaptopyrimidine in -potassium hydroxide acco r ding 
o 
to Albert , Brown , a n d Wood (1954) who g ave m.p. 155-1 57 
a n d 88% yie l d . 
-
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4-Methylthiopteridine (m . p . 191 - 1930 ) was prepared 
(75 % yield) from 4 , 5 - diamino - 6 - methylthiopyrimidine by 
condensation with glyoxal as described by Al bert , Brown, 
and Wood (1954) who gave m. p . 189- 191 0 and 75% yield, . 
4 - Hydrazinopteridine (reddens 2100 ; starts to 
decompose 225 0 ) was prepared (93% yield) from 4 - methylthio -
pteridine and methanolic hydrazine according to Albert, 
Brown , and Wood ( 1 954) who gave m.p . (decomp . ) 215 0 and a 
yield of 90%. The infrared spectrum ( ujol) corresponded 
with an authentic specimen provided by Professor Adrien 
Albert . 
(3) Replacement Reactions of Hydrazino - azanaphthalenes . 
(i) Quantitative methods of estimating products . 
Yields of all products were estimated gravimetri cally . 
Quinoline and isoquinoline were estimated as their 
mercurichlorides . 
Gravimetric estimation of quinoline as quinoline 
mercurichloride (C
9
H
7 
, HgC1 2 ) . A solution of mercuric 
chloride (0 . 0044 mole) in ethanol (15 mI.) was added to 
quin o l ine (0 , 0031 mo l e) and refluxed for 0 . 25 hour . The 
so l ution was coo l ed to 25 0 and quino l ine mercurichloride , 
C H . HgCl , was removed and dried at 25
0
/ 20 
9 7 2 
CaC1 2/KOH . Yie l d was 95% and 96% and m. p . 
mm, over 
o 222 - 223 , 
~~ -
---- .. --------------------------------------------------.......... ~ .. 
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hour . The solution was co oled to 25 0 and isoguinoline 
mercurichloride , 2C9H7N . 3HgC12 , was removed and dried at 
25 0 / 2 0 mm . over CaC1 2KOH . Yie l d was 97% and m. p . 226 _228
0
• 
(Found : C , 20 . 0; H , 1 . 3; N , 2 07; Hg , 55 . 3; 2C
9
H
7 
. 3HgC12 
requires C , 20 . 2; H , 1. 3; 2 . 6; Hg, 56 . 1%). Standard 
determinations were carried out to determine the recovery 
of isoquinoline as 2C 9H7 
. 3HgC12 from simulated reac tion 
conditions . The steam distillation method (as outlined 
for quinoline) yie l ded recoveries of 97% and 96% from 
isoquinoline (0 . 0031 mole) . Both specimens had m. p . o 226 - 228 • 
(ii) Introduction to the replacement reactions of 
hydrazino - azanaphthalenes . 
Where a reaction was carried out several times 
u n der standard conditions it is onl y described once . If 
the scale was varied , the molar proportion of oxidant was 
kept constant and the volume of solvent varied proportionately. 
With the exception of the reactions with oxygen 
nitro gen was vigorous l y evolved from the reaction mixtures 
which were not worked up until its evolution had long 
ceased . 
Quinoline and isoquinoline were removed from the 
basified reaction mixture by the steam distillation method 
and isolated as their mercuri c hloride whi ch had m. p . and 
mixed m. p . 222 _ 223 0 and 226 _ 2280 respectively unless 
stated otherwise . 
--~~. ~~ .. ----------------------------------...................................... -. 
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Accurate pH values were determined with a Cambridge 
pH meter at 200 (unless stated otherwise) using a calomel 
and a glass electrode. The initial pH refers to t he pH 
of the system prior to the introduction of the hydraz ino-
azanaphthalene and the final pH to that at the completion 
of the reaction. Separate runs were carried out to 
determine these values . Approximate pH values refer to 
those obtained by the use of Merck indicator papers. 
In the case of 2-hydrazinoquinoline the aqueous 
residue (and its chloroform extract) after removal of 
quinoline by steam distillation, was examined by paper 
chromatography ( H4Cl and BU/Ac) in the following systems: 
AgOAc/aque ous AcOH*; Ag20/H2 0*; Fehling's solution * (at 
pH 13.8); CuS04/aqueous AcOH; and aqueous K2Cr2 0 7 • In 
those systems marked with an asterisk (*) traces of 
2 - azidoquinoline were found, but the other products were 
not identified. Carbostyril (2-hydroxyquinoline), 
2-aminoquinoline or 2_hydrazinoquinoline were not present . 
All hydrazino-azanaphthalenes were used for 
oxidative study after purification to constant melting 
point. 
(iii) Replacement of a hydrazino grOUp by a hydro gen 
atom . 
(a) Use of oxygen. 
Preparation of finely divided platinum. Platinum 
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oxide (0 . 10 g.) was suspended in water (10 ml.), and shaken 
in an atmosphere of hydrogen until it was uniformly black 
and quickly settled. The water was decanted, the platinum 
washed with ethanol and used immediately . 
The role of sodium hydroxide in the oxidation of 
2 - hydrazinoquinoline with oxygen . Oxygen (from a cylinder) 
was bubbled through a well stirred mixture of 2-hydrazino-
quinoline (0 . 50 g . ), platinum (from 0 .10 g. Pt0 2 ) , 10.30 
sodium hydroxide (x ml.), and absolute ethanol (60 ml . ) at 
25 0 for 2 hours . Glacial acetic acid (3 ml . ) was added to 
the filtered solution which was evaporated to low bulk in vacuo. 
After adjustment to pH 12 quinoline was removed by the steam 
distillation method . The same experiment was carried out in 
the absence of a platinum. The results are tabulated in 
Section AIV , Part (2)(i) . 
The fate of the sodium hydroxide used in the oxidation 
of 2 _hydrazinoquinoline with oxygen . Method (1) . 10 . 30 
Sodium hydroxide (0 . 075 ml . ) was added to absolute ethanol 
( 60 ml. ) • The whole was stirred for 5 minutes and 1 . 00 ml . 
removed , diluted to 20 . 00 ml . with glass . distilled water 
( boiled.out) and the pH determined . 2 _Hydrazinoquinoline 
( 0 . 0031 mole) was added , oxygen was passed through the 
solution , and the stop watch started . 1 . 00 ml . portions 
were r mov d from the system at intervals , diluted as above 
a n d th pH determined . 
o 
were carried out at 25 • 
The reaction and pH measurements 
The results are tabulated in 
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Section AIV, Part (2)(i). Method ( 2). Here carbon dioxide 
was exc l uded from the system . Th e precautions were :- (a) 
Oxygen from the cylinder was passed through aqueous sodium 
hydroxide and then through water prior to its entry into the 
reaction system . (£) The absolute ethanol was previously 
boiled for ten minutes and then cooled; the flask being 
prote c ted by a soda lime tube . ( c ) The empty flask was 
purg ed with a brisk stream of pure oxyg en for 30 minutes 
prior to the experiment. The detailed method is now described. 
10.30 N-Sodium hydroxide (0.075 ml.) was added to ethanol 
(60 ml.; CO
2 
free) in a flask through whi c h oxygen ( C0 2 free) 
was still being passed. The ethanolic sodium hydroxide was 
well stirred for 5 minutes. From this point the pro cedure 
was as outlined in Method (1). The results are tabulated 
in Section AIV, Part (2)(i). 
The search for other products in the alkaline oxidation 
of 2_hydrazinoquinoline using oxygen. Method (2) (see above) 
was adapted to follow the course of the reaction chromato -
graphically . The same quantities of materials were used. 
Aliquots ( 0 . 5 mI.) were extracted from the reac tion mixture 
at intervals of one minute and introduced into glacial acetic 
acid ( 0.5 mI.). This procedure would arrest any reaction 
because hydrazinoquinolines are stable in acid solution. The 
reaction was followed in this manner for twenty minutes. The 
co lour. c h anges observed in the course of the reaction were 
colourless __ ) purple --~ orange/ red --7 red. The acidified 
--.~. ~~--------------------------------.............................. .. 
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aliquots were examined by paper chromatography ( H4Cl and 
BU/Ac) which showed that all the 2-hydrazinoquinoline was 
consumed in about 7 minutes. The major product apart from 
quinoline (which did not appear on the chromatograms) was 
carbostyril. Its spot appeared after 30 seconds reaction 
time and gradually increased in intensity up to 7 minutes. 
After 7 minutes it was impossible to determine any further 
increase in intensity. Aqueous H4Cl showed the presence of 
5 other unidentified by-products which were only visible with 
the 360 m~ lamp and appeared to be of minor importance. 
Bu/Ac showed the presence of 3 unidentified by-products 
(visible only with the 360 m~ lamp). One by-product 
(R
F 
0 . 62 Bu/Ac) and RF 0.79 ( H4Cl) appeared only after 9-10 
minutes. 
Isolation 0 f carbostyril from the reaction mixture 
in the alkaline oxidation of 2 _hydrazinoquinoline using oxygen. 
Method (2) (see page 122) was followed and the amount of 1 0 .30 
- sodium hydroxide added varied. At the completion 0 f the 
run, the solvent was removed from the reaction mixture in 
vacuo. The residue was adjusted to a volume of 10 mI. and 
pH 2 with aqueous hydrochloric acid . The system was 
refluxed, filtered, and the cooled filtrate yielded carbostyril . 
The results are tabulated in Section AIV, Part (2)(i). 
Action 0 f oxygen on hydrazinoguinolines and 
hydrazinoisoguinolines in ethanolic sodium hydroxide. Oxygen 
(C0
2 
free) was passed through a stirred mixture of the 
--~-. ~ .. ----------------------------.......................................... . 
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hydrazino c ompound (0 . 50 g . ; 0 . 0031 mole), 10 . 30 - s odium 
hydro x ide (2 . 0 ml.) , and ethanol (60 ml . ; CO2 free) at 2 5
0 
fo r two hours . Gl acial aceti c acid (3 ml . ) was added and 
the eth anol was removed in vacuo . Quinoline a nd i s oquinoline 
were r emoved by the steam distillation method . The results 
a r e tabulated in S e c tion AIV , Part (2)(i) . 
Action of oxy gen on 4 - hydrazinoguinazoline in ethanolic 
and aqueous sodium h y droxide . Oxyg en ( C0 2 free) was p a ssed 
through a stirred so l ution of 4 - hydrazinoquinazoline (0 . 0045 
mOle) , 10 . 30 N- sodium hydroxide (2 . 0 ml. ) , and absolute ethanol 
( 90 ml. ; CO2 free) at 25
0 for 2 hours . The ethanol was 
evaporated , the residue dissolved in wa ter , and a d justed to 
pH 9 -10 . Extraction with chloroform yielded a vis c ous 
l iquid which after extraction with lig h t petroleum (b . p . 40- 60~ 
yiel ded qui nazoline ( 61 % yield ; m. p . and mi xed m. p . 48_ 49 0 ) . 
Armare g o (1 961) g ave m. p . 48° g 
When the reac tion was carried out in refluxing 
- potas s ium hydroxide , quinazoline a nd 3 other unidentified 
component s were detected by paper chromato graphy. 
Act i on of oxygen on l _hydrazin ophthalazine in 
eth anolic and aqueous sodium hydroxide . l - Hydrazino -
p h thal azine hydrochloride was treated with oxyg en in the 
presence of ethan olic sodium hydroxide a s d e scribed for 
4 _hydrazinoquinazoline . The re s idue from the c hloroform 
extraction after extraction with boil i n g li g ht petroleum 
( b . p . 1 00 - 1200 ) yielded phth a l azine ( 56 % yie l d ; m. p . 87_89
0
) . 
o 
Arma re g o ( 1961) g ave m. p. 90-91 • Th e n. m. r . spe c trum 
-
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as a sin gle t of ~ , 0. 3 8 which integrated for two 
hydr ogen atoms (in p o sitions 1 and 4) and a sing l et of ~ , 
1 . 97 whi c h integrated for 4 hydrogen atoms (in positions 
5 , 6, 7 , and 8) . 
When the reaction was carried out in refluxing 
N- potassium hydroxide (5 moles) phthalazine and 2 other 
unidentified compounds were detected by paper chromatography . 
Action of oxygen on 4-hy d r az i nopteridine in 
ethanolic and aqueous sodium hydroxide . Oxyg en ( C0 2 free) 
was passed through a stirred mixture of 4_hydrazinopteridine 
(0 0 0 031 mole) , 10.30 - sodium hydroxide (0 . 30 ml.) , and 
absolute ethanol (6 0 ml.; CO 2 free) for 2 hours. The red 
so l ution when evaporated to dryness yielded a maroon solid , 
wh ich when extracted with c hloroform gave starting material 
(identified by its infrared spectrum) . The reaction time 
was extended to 12 hours with analogous results . IV-he n the 
reaction was carried out in water , 4 _hydrazinopterid ine 
dissolved rapidly showing some reaction had o ccurred , 
( 4 _hydrazinopteridine is only s l i ghtly so l u le in water) 
and produced a red solution . Extrac tion of the a queou s 
solution with chloroform afforded no product . 
( b ) Use of Cupric c ompounds. 
2+ h d . . l' b t Action of Cu on Y razlnoqulno lnes e ween 
pH 1 3 and 1 4 . 
2+ 8 With molar ratio Cu 3 . 2 and molarity 0 . 13 • 
---~~. ~ .. --------------------------------------....................................... --"---II 
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Action of Cu2+ on hydrazinoguinoline at pH 10.5. 
2-Hydrazinoquinoline (0.0031 mole) and a fre shly prepared 
aqueous solution (210 ml.) containing copper sulphate 
(0.0097 mole), sodium hydro gen phosphate (0.147 mole), 
sodium potassium tartrate (0.045 mole), and sodium hydroride 
(0.053 mole), were refluxed for one hour. The pH 
through out was 10.5. Yield of C9H7 .HgC1 2 was 50%. 
Action of Cu 2+ on 2_hydrazinoquinoline between 
pH 9 .. 4 and 10.0. 2 -Hydrazinoquinoline (0.00 31 mole) and 
a freshly prepared aqueous solution (210 ml.) containing 
copper su lphate (0.0097 mole), sodium carbonate (0. 097 mol e) , 
and sodium bicarbonate (0. 097 mole), were refluxed for 
one hour. The pH increased from 9.4 to 10.0. Yield 
of C9H7" .HgC1 2 was 51%. 
2+ Action on Cu on 2-hydrazinoguinoline between 
pH 9 . 2 and 9 .10 2 -Hydrazinoquinoline ( 0 .0031 mole) and 
a freshly prepared aqueous solution (21 0 ml.) containing 
c opper sulphate (0. 0097 mole), sodium potassium t artrate 
( 0.045 mole), and borax (0.097 mole), were refluxed for 
one hour. The pH dropped from 9.2 to 9 .1. Yield of 
was 
. 2+ Actlon of Cu on 4 _hydrazinoquinazoline between 
pH 9 and 5 . 0 .40 M- Co p per sulphate (47 ml.) was added 
dropwise over 20 minutes to a r e fluxing mixtur e of 
4_hydrazinoqu inazoline (0.0062 mole) and 0 .7 6 M-sodium 
acetate ( 50 ml .) a nd the whole refluxed for one hour 
--~~. ~ .. ----------------------------------------............................ .. 
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after the addition. The pH dropped from 9 . 0 to about 
5 . 0 . The chloroform extrac t of the solution (ad j sted to 
pH 9 - 10) yielded a gum whose light petroleum (b . p . 40_60 0 ) 
extract yielded a liquid . The liquid smelt of quinazoline 
and at 40-500 /0 . 1 mm . yielded another liquid on a cold 
finger. The n . m. r . spectrum 0 f the l iquid (in CDC1
3
) 
showed that a high proportion of quinaz oline was present 
while other peaks suggested £.- aminobenzaldehyde was the 
major c ontaminant (a peak at ~, 0 . 06 is characteristic of 
the hydrogen atom in the aldehyde group) . Chromatograms 
confirmed the presence of quinazo1ine~ but showed the 
contaminant (rF 0 . 9 0 , Bu/ Ac ; RF 0 . 31 , H4 Cl) was not 
£.-aminobe nzaldehyde . 
Action of Cu2+ on hydrazino guino1ines between 
pH 7 and 2 . 5 . 0 . 40 M- Copper sulphate (20 mI . ) was 
added dropwise over 20 minutes to a refluxing slurry 
of the hydrazinoquinoline (0.0031 mole) and water (1 mI . ) , 
and the whole refluxed for one hour after the addition. 
The pH dropped from about 7 to 2 05. 
from 2- , 3-, 4 -, and 6 - hydrazinoquino1ine are tabulated 
in Section AIV , Part (2)(ii) . 
Action of Cu2+ on 2 hydrazinoquinoline at pH 4 0 5 . 
2 - Hydrazinoquinoline (0 . 0031 mole) and a freshly prepared 
aqu e ous solution ( 210 mI. ) containing c opper sulphate 
( 0 . 0097 mole) , sodium acetate ( 0 . 097 mole) , and acetic 
acid (0 . 097 mole) , were reflu ed for one hour. The. pH 
--_ ... ' ~~------------------------------------...................................... ~ .. ..
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remained at 4.5. Yield of C9H7 .HgC1 2 was 47 %. 
A t · 2+ c lon o:li: Cu on hydrazinoguinolines and 
hydrazinoisoguinolines between pH 3 . 7 and 1 . 8 . 0.40 
M- Copper sulphate (20 ml.) was added dropwise over 
20 minutes to a refluxing solution of the hydrazinoquinoline 
or hydrazinoisoquinoline (0.0031 mole) in 0.026 M- acetic 
acid (10 ml.) and the whole refluxed for one hour after 
the addition. Initially a complex was precipitated 
which decomposed into nitrogen , copper , and quinoline. 
The pH dropped from 3 . 7 to 1.8 (2_hydrazinoquinoline 
e perimen t ) • Yields of C9H7 . HgC1 2 obtained from 2 - , 
J - ~ 4- , 5-, 6-, 7 - , and 8 - hydrazinoquinoline and 
2C
9
H
7 
.3Hg C1 2 from 1 -, and 5-hydrazinoisoquinoline 
tabulated in Section AIV, Part (2)(ii) . 
are 
Action of Cu2+ on 2_hydrazinoguinoline between 
pH 1 . 0 and 0 in the presence of chloride ions. Cupric 
chloride (0 . 0165 mole) and 2_hydrazinoquinoline (0.0062 
mole) in - hydrochloric acid (20 ml . ) were steam 
distilled until the distillate was clear . The distillate 
after e traction with chloroform eventually yielded 
2-chloroquin line picrate (51 % yield) which had m.p . 
and mixed m. p . 123_1240 (~ aqueous ethanol) . The residue 
was co led , and af ·ter basification the quinoline was 
removed by st am disti l lation. 
was 17%. 
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Action of Cu2+ on 4 - hydrazinopteridine (in 
ethanol). 4 - Hydrazinopteridine (0 . 0031 mole) , cupric 
acetate (0 . 0033 mo l e) and ethanol (100 mI.) were stirred at 
o 25 for 18 hours; no copper precipitate was observed. 
Exaporation to low volume , dilution with water and extraction 
with chloroform yielded no product . The extraction was 
repeated after adjusting the aqueous extract to about pH 
8 . 0, but only 4 - hydrazinopteridine was isolated (identified 
by its infrared spectrum) . 
(c) Use of argentous compounds . 
Action of silver acetate on hydrazinoquinolines 
between pH 3 . 2 and 3 . 4. Silver acetate (0.018 mole) and 
2 - hydrazinoquinoline (0 . 0031 mole) in 0 . 026 - acetic acid 
(20 mI . ) were refluxed for one hour . The pH dropped from 
3 . 4 to 3 . 2 . Yield of C9H7 . HgC1 2 was 66% (~ 4%). 
Chromatography (Bu/Ac or H4Cl) of the aqueous residue 
after steam distillation revealed an unknown component . 
Chromatography of the chloroform extract of the total 
residue after steam distillation showed the presence of 
2 - azidoquinoline. Isolation of 2 - azidoquinoline . The 
above 0 idation was carried out on ten times the scale . 
The quinoline was removed by steam distillation and the 
chloroform e tract of the residue yielded a brown gum 
which was e tracted with boiling l ight petroleum (b . p . 
40 - 600 ) and evaporated . The sticky yellow residue on 
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trituration with ethanol (4 ml.) yielded 2 -azidoq inoline 
(1 %) yield) of m. p. 152-153°. The m.p. was not depressed 
n mixture with authentic material prepared by the action 
of nitrous acid on 2 - hydrazinoquinoline ac c ordine to Marckwald 
and Meyer (1900) who gave m.p. 157° . The ultraviolet 
spectrum of the two compounds (in absolute ethanol) was 
identical ( ~ max 2 76 , 286 , 305 , and 318 m~). 
Results from similar experiments with 3- , 4 -, and 
6 -hydrazinoquinoline are tabulated in Section AIV , Part (2)(iii). 
Action 0 f silver nitrate on hydrazinoguinolines 
between pH 7 . 0 and 2 . 0. The hydrazinoquinoline (0.0031 
mole) and 0 . 90 M-silver nitrate (20 ml . ) were refluxed for 
one hour. The pH dropped from about 7 . G to 2 0 0 . 
Yields of C9H7 .HgC1 2 obtained from 2 -, 3- , 4- , and 
6-hydrazinoquinoline are tabulated in Section AIV, Part 
(2)(iii). 
Action 0 f silver oxide on hydrazinog inolines and 
hydrazinoisoguinolines between pH 9 . 3 and 9 . 6. Silver 
oxide (93%; 0 . 012 mole), the hydrazinoq inoline or 
hydrazinoisoquinoline (0.0031 mole) and water (1 20 ml.) 
were reflu ed for one hour. The pH dropped from 9 . 6 to 
9 . 3 (2_hydrazinoquinoline e periment) . Yields of 
C9H7 . HgC1 2 obtained from 2- , 3-, 4- , and 6 -hydrazino-
quinoline and 1- , and 5-hydrazinoisoquinoline a r e tabulated 
in Section AIV , Part ( 2)(iii) . 
Action of silver oxide on 4 - hydrazinoguinazoline. 
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Silver oxide (93%; 0.018 mole), 4-hydrazinoq inazoline 
(0.0047 mole) and water (50 ml.) were refluxed for one 
hour. The chloroform extract of the solution (adjusted 
to pH 9-10) yielded a liquid. Dissolution in light 
petroleum (b.p. 40_60 0 ), followed by evaporation (25 0 /15 mm.), 
yielded quinazoline (0.20 g .; 33%). It had m.p. o 45-47 • 
Sublimation at 40-500 / 0.1 mm. yielded material of m.p. 
o 
48-49 • Armarego (1961) gave m.p. 480 • a nd mixed m.p. 
Action of silver oxide on 4-hydrazinopteridine. 
In water. 4-Hydrazinopteridine (0.0055 mOle), 
silver oxide (93%; 0.0022 mOle), and water (100 ml.) were 
stirred at 25 0 for 18 hours, (slow evolution of nitrogen ). 
Evaporation of the filtered solution or its chloroform 
extract yielde d no product. 
In ethanol. 4-Hydrazinopteridine (0.0031 
mole), silver oxide (93%- 0 .012 mole) and ethanol were 
reflu ed for two hours. Hot filtration and then 
evaporati n yielded a little benzene insolu le orang e 
residue which effervesced with aqueous potassium dichromate 
(hence starting material). 
(d) Use of some transition metal oxides. 
The action of alkaline potassium permanganate on 
hydrazinoquinolines. The hydrazin quinoline (0.0031 mole) 
and a solution of potassium permanganate (0.35 g .; 0.022 
mole) in 2 -sodium hydroxide (25 ml.) were stirred at 
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25 0 for h one our. Yields of C9H7 . HgC1 2 obtained from 
2 -, 3- , 4- , and 6-hydrazinoquinoline are tabulated in 
Section AIV , Part (2)(iv) . 
Action 0 f aqueous potassium dichromate on 
hydrazinoguinolines . The hydrazinoquinoline (0 . 0031 
mole) and 0.055 M-potassium dichromate (20 mI.) were 
refluxed for 2.5 hours . Yields of C9H7 . HgC1 2 obtained 
from 2- , 3-, 4 -, and 6 - hydrazinoquinoline are tabulated 
in Section AIV , Part (2)(iv). 
Action of potassium dichromate on 4 - hydrazinopteridine . 
4 - Hydrazinopteridine (0 0 0031 mole) , 0 . 9 -aceti c acid 
(10 mI . ), and 0 . 055 M-potassium dichromate (20 mI.) 
were stirred at 25 0 for one hour , and then extracted with 
chloroform . Extrac tion of the residue with benzene 
yielded a yellow compound (30 mg . ) whos e infrared 
spectrum ( ujol) did not correspond with pteridine and 
- 1 
c ontained a carbonyl band at 1625 cm • The material 
was not further examined . Extraction of the aqueous 
layer (from the chloroform extract) with chloroform at 
pH 8 . 0 yielded a little 4 - hydrazinopteridine (identified 
by its infrared spectrum) . 
Preparation of mercuric oxide. The yellow 
precipitate formed by adding 10 -sodium hydroxide 
( 50 mI . ) to a solution of mercuric chloride (0.12 mole) 
in water ( 510 ml . ) was washed repeated l y with water until 
the washinos were about pH 7 . 0 and then stored under water . 
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Action of mercuric oxide on hydrazino q inolines . 
Mercuri c oxide , (0. 0074 mole which was 2 . 5 ml. of settled 
material) , 2 -hydra zino quino line (0. 0031 mol e) and water 
(100 mI .) were refluxed for one hour. Final pH was about 
9. 0 . was 43%. The solid in the 
residue after steam distill ation was extracted with ethanol 
( 20 ml.). Addition of i ce to the ethanolic extract 
ethanol). ( Found for material dried at 110 0 ; C , 44 . 7 ; 
H, 305; 6 . 2 . (C 9H6 ) 2HgltH20 requires : C , 44 . 7 ; 
H, 3.3; , 5 . 8%) • Other results obtained f rom 3-, 4 -, 
and 6 -hydrazin quinoline are tabul ated in Sec tion AIV, 
Part (2) (i v) . 
Action of mercuric oxide on 4-hydrazinopteridine. 
Oxygen ( C0 2 free) was passed through a stirred mixture of 
mercuric oxide (0.012 mole) , 4 - hydrazinopteridine 
( 0 . 0031 mole), and water (50 mI.) at 25 0 for 18 hours. 
The chloroform extract of the filtered solution yielded 
a greasy residue, which after trituration with l ight 
petroleum ( 5 ml.; b . p . 40 - 60 0 ) yielded pteridine (2 % 
yield ) whose infrared spectrum was identical with that 
of an authentic sample provided by Professor Adrien Albe r t . 
With a reaction time of 2 or 5 h urs , with or without the 
presence of hydrogen peroxide, no pteridine was isolated . 
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(e) Miscellaneous reagents . 
The action of ferric ammonium sulphate on 
2 -hydrazinoquinoline . 2 - Hydrazinoquinoline (0.0031 mole) , 
ferric ammonium sulphate (0.01 mole) , and 0 . 026 - acetic 
acid (40 mI .) were refluxed for one hour. Yield of 
The action 0 f ferric nitrate on 2 -hydraz ino-
quinoline. 2 - Hydr azinoquinoline (0.0093 mOle) , ferric 
nitrate (0.020 mole) , and aqueous nitric acid (3% wt . /vo l.; 
40 mI .) were refluxed for 4 minutes , poured on to ice and 
2- azidoquinoline (19 % yield ; m.p. and mixed m. p. 152 - 1 530 , 
(~ light petroleum , b . p. 100-1200 ) removed . 
material dried at 110 0 ; C , 63 . 3; H , 3 . 5; 
(Found for 
, 33 .1. 
C9H6N4 requires C , 63.5; H , 3 . 6; 
and Meyer (1900) gave m.p. 157 0 • 
, 32 . 9%). Marckwald 
( iv ) Replacement of a hydrazino group by a halogen 
atom. 
Action of ferric chloride on 2 -, and 4_hydrazino-
quinoline. 2 _Hydrazinoquinoline (0.0062 mole), ferric 
chlorid ( 0 . 031 mOl e ), and -hydrochlori c acid (20 mI . ) 
wer st am distilled . The coo l ed distillate yielded 
2 _chloroqui noline ( 71 % yi ld; m.p. and mi ed m.p. 36- 37
0
) . 
o 
Fisch r (1 898 ) gave m.p. 37 -38 • If the 2 _chloroquinoline 
was not r mov d as it was formed , hydrolysis to carbostyril 
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oc curred . For example , refluxing for an hour prior to 
steam distil l ation yielded carbostyril (50%) and 
2 - chl oroquinoline (4 %) . 
The same experiment was carried out with 
4-hydrazinoquinoline (0 . 0031 mole) . After refluxing 
for 2 minutes, the reaction mixture was adjusted to 
pH 12 and steam distilled . The chloroform extrac t of 
the disti ll ate eventually yielded 4 - chloroquinoline picrate 
(67 % yield ; m.p. and mixed m.p. 214 - 21 5 0 ex ethanol) . 
The action of ferric bromide on 2 - hydrazinoguinoline . 
2 - Hydrazinoquinoline (0 . 0062 mole) , ferric hydroxide 
(0.025 mole) , hydrobromic acid (45 - 48%; 13.3 ml.) and 
water (10 ml . ) were steam distilled . The cooled distillate 
yielded 2-bromoquinoline (70 % yie l d; m. p . 48 . 5 - 49 . 5 0 ) . 
Fischer (1899) gave m.p. 48 0 • The n.m.r. spectrum ( CC1 4 ) 
indicated that bromine had been substituted in position 2 . 
Action 0 f iodic acid on 2 -hydrazinoquinoline . 
2 - Hydrazinoquinoline (0 . 0093 mole) , potassium iodate 
(0.021 mole), and 0 . 5 N-hydrochloric acid (100 ml.) 
were stirred at 25 0 until the nitrog en evolution ceased , 
adjusted to pH 12, and steam distil l ed . The cooled 
distillate yielded 2 - iodoquinoline (30 % yield ; m.p . 5 2 - 530 ) . 
o 
Friedll:inder and iveinberg (1885) g ave m. p . 52-53 . The 
n.m.r. spectrum ( CC1 4 ) indicated iodine had been substituted 
in position 2 . 
Action of periodic acid on 2_hydrazinoquinoline . 
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2 - Hydrazinoquinoline (0 . 0062 mole), sodium metaperiodate 
(0.013 mole), and 0 . 4 N-hydrochloric acid were stirred 
at 250 until the nitro gen evolution ceased , adjusted to 
pH 1 2 , and steam distilled. The cooled distillate 
yielded 2-iodoquinoline (14 % yield; m.po 5 2 - 530 ). 
Action of iodine on 2 _hydrazinoquinoline . 
2 _Hydrazinoquinoline (0.0062 mole), 0 .12 M- iodine 
(1 20 ml.), and cal cium carbonate (5.0 g .) were stirred 
o 
at 25 for 1.5 hours. The excess iodine was decomposed 
with sodium thiosulphate and the cooled distillate after 
steam distillation, yielded 2 _iodoquinoline (5 0 % yield; 
m. p. 52 - 5 30). 
(v) Replacement of a hydrazino group by a deuterium 
atom . 
2+ Reaction 0 f Cu with hydrazinoguinolines and 
hydrazinoisoquinolines in deuterium oxide. The 
hydrazinoquinoline or hydrazinoi s oquinoline (0020 g .), 
anhydrous copper sulphate (0. 52 g .), and deuterium oxide 
(4 ml.) wer refluxed for one hour and the deuteroquinoline 
o 
or deute~isoquinoline removed from the solution, adjusted 
to pH 12, by st am distillation . The c hloroform extract 
of the distillate ( adjusted to pH 12) yielded th 
deut rat d product whose n.m.r. spectrum was recorded 
R sults are shown in the following table:-
Compound 
2 -hydrazinoquino1ine 
3_hydrazinoquino1ine 
4-hydrazinoquino1ine 
5 - hydrazinoquino1ine 
6 -hydrazinoquino1ine 
7 - hydrazinoquino1ine 
8 -hydrazinoquino1ine 
1_hydrazinoisoquino1ine 
5 - h ydrazinoisoquino1ine 
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Product Isolated 
2 - deuteroguino1ine 
3-deuteroquino1ine 
4 - deuteroquino1ine 
5 - deutero gu ino1ine 
6 - deuterogu ino1ine 
7 - deuteroguino1ine 
8 _deutero guino1ine 
1-deuteroisoguino1ine 
5 - deuteroisoguino1ine 
Yield ( %) 
75 
81 
75 
81 
88 
75 
69 
75 
75 
the The deuteroch1oroform was evaporated and 
residual liquid in carbon tetrachloride was passed through 
an alumina column. The n.m.r. spectrum was redetermined 
(in CC1
4
) and the picrate prepared and crystallised from 
ethanol. 
Compound M.p. Analysis of picrate ( a) 
of picrateOC C H + D(£) 
2 - deuteroquino1ine 198-200 50 .16 3 .10 1507 2 
3_deuteroquino1ine 198-200 50 . 5 0 3.21 15.32 
4_deuteroquino1ine 198-200 50 . 53 3 .18 15.7 6 
5 _deuteroquino1ine 198-200 5 0 .34 3.07 15.59 
6 _deuteroquino1ine 198-200 50.16 2 . 96 15.74 
7-deuteroquino1ine 198-200 50 . 54 3 .17 15. 69 
8 -deut roquino1in 198-200 50 . 54 3 . 01 15.36 
1-deuteroisoquino1ine 222 - 224 50 . 55 3 .10 15.38 
5-deut roisoquino1ine 222-224 5 0 . 48 3 .10 15.33 
l39 
Notes 
(a) Cl5DH907N4 requires C, 50 .l5 ; H + D, 3 . 09; and 
N, l5.60%. Cl5Hl 007N4 requires C , 50 . 28; 
H, 2 . 8l ; and ,l5.64%. 
(E) Estimated as H + D. 
(4) Determination of Ionisation Constants and Ultraviolet 
Absorption Spectra of the Hydrazinoquinolines. 
Ionisation constants were determined by spectro -
metric means. The methods used have been largely 
developed in this Department and are described by Albert 
and Serjeant (l962). For overlapping ionisation constants 
(less than 3 pH units apart) the method of Ang (l 958) as 
modified by Bryson and Matthews (l96l) was employed. 
Because of the tendency of the free bases to decompose 
in aqueous solution and also their limited solubility 
in water, stock solutions in dilute aqueous hydrochloric 
acid (usually 4 . 2 x lO-3 M) were made. These were stable 
for at least two days . It was noted qualitatively that 
in aqueous solution , the hi gher the value 0 f (pH - P!a) 
the more rapid was the decomposition of the free base. 
Analytical waveleng ths were chosen where the absorption 
of the neutral molecule was very small, and varied little 
up to 5 minut s after diluting the stock solution with 
the r quir d buffer solution. Buffer solutions (O.Ol M) 
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of low ultraviolet absorption (Perrin,196J) were used, 
while for low pH values the acidity function (Ho) 
solutions of Bas c ombe and Bell (1959) and Paul and Long 
(1957) were used . Measurements were made on a Hilg er 
"Uvispec" H700/JOl quartz spectrophotometer , 2 . 5 minutes 
after mixing the stock and buffer solutions. 
Ultraviolet absorption spe c tra were obtained 
using a Shimadzu R . S. 27 recording spectrophotometer. 
In the case of mono cations and dications the extinction 
a,."" 
coefficients ~ waveleng ths of maximum absorption were 
checked manually on the above Hilger instrument and the 
values obtained used to calibrate the Shimadzu instrument. 
The spe c tra of the free bases was obtained (2.5 minutes 
after mixing ) on the calibrated Shimadzu with one fast 
scan . The solutions were buffered with the same series 
of buffers used in spectrometric determinations of pK 
a 
at least 2 pH units (where possible) away from the 
previously determined pK value , thus ensuring at least 
a 
99% of the required species . 
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PART B 
BINUCLEAR ACRIDINES AND RELATED COMPOUNDS 
SECTIO BI 
(1) Introduction. 
The literature provides a few examples of the 
dimerisation of a heteroaromatic ring, by acid or alkali, 
to the corresponding biylidene of type (LV). True dimers 
are g iven by 2- , and 6 -hydroxypteridine (Albert and Reich, 
1 960) and ethyl 1,2-dihYdro-l-methyl-2-oxo-l,4,5-triaza-
naphthalene-J-carboxylate (Clark-Lewis and Thompson, 1957). 
Quinazoline and 2 -methylquinazoline in aqueous sodium 
cyanide undergo oxidative coupling to yield 4,4'-
biquinazolinyl (LVI) and its 2,2 '-dimethyl derivative 
(Armarego and iVillett e , 1965). 
In an abortive attempt to extend such coupling 
reactions into other series as a first step in studying 
them systematically, ac ridine and _-methylacridiniurn chloride 
were heated with acid and alkali. 1,4, 6 - and 1,4,5-
Triazanaphthalene were then briefly examined under similar 
c onditions. 
(2) Discussion of Results. 
(i) Acridine series. 
o reaction occurred when acridine was refluxed 
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with ~hydrochloric acid (alone, or in the pre senc e of 
zinc chloride), or with N-ethanolic potassium hydro x ide, 
in the dark for 12 hours in an atmosphere of nitro gen. 
However, heating with sodium carbonate in ethylene g lycol 
o 
at 150-1 6 0 g ave a mixture of acridan (14%; LVII) and 
biacridanyl (9,9', 10,10'-tetrahydro-9, 9 1 -biac ridyl, 17 %). 
Biacridanyl was also obtained as a by-produc t in the 
reduction Qf biacridyl (LVIII) with zinc and hydrochloric 
acid, a re a ction hitherto supposed to g ive 9, 9 1 -biacridylidene 
exc lusively (Decker and Petsch, 1935). 
-Methylac ridinium chloride was unchang ed by 
r e fluxing with -hydro c hloric acid where a s -sodium hydroxide 
produced N _ '-dimethyl biac ridanyl (3%) as well as 
methylacridan (12.5 %) and _-methylacridone (25 %), the 
last two substances arising by the disproportionation of 
the pseudo-base of the starting material (see a l s o Pi c tet 
and Patry, 1 902). More intere s tingly a 55 % yield of 
~'-dimethylbiacridanyl was obt a ined by heating 
methylac ridinium c hloride with sodium c arbonate in ethylene 
glycol at 1000 (heating in glycol alone produced no c hange). 
The production of biac ridanyls (instead of the 
expected bi a cridylidenes) from a cridines involves a reductive 
step (one hydrogen atom per a c ridine nucleus). 
Two new reactions 0 f '-dimethylbiacridanyl were 
noted: heating in g lycol under nitro gen in the dark reduced 
it to _-methylac ridan, and reflu ing with iodine in c hloroform 
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oxidised it to ~-methylacridinium iodide. 
Reductive acetylation of acridine gave acridan 
( 70%) and a compound thought to be ~ ~' -diacetylbiacridanyl 
(5 %). Elliott and McGriff (1957) had obtained biacridanyl 
by this reaction and it is thought any biacridanyl was 
reduced to acridan on continuous extraction of the organo-
zinc precipitate with boiling dimethylformamide , for 12 
hours. Extractions of shorter time yielded biacridanyl 
on c ooling , but acridan was detected in the filtrate 
(Albert 9 1 966) . o reaction o ccurred when '-diacetyl-
biacridanyl was refluxed in - sodium hydroxide for 1. 5 
hours 9 but refluxing in 10 -hydrochloric a cid for half an 
hour yie l ded some acridine (together with starting material) 
which indicated that both rupture of the 9 , 9' - bond a nd 
hydrolysis of the acetyl group had occurred . Biacridanyl 
gives ac ridine when refluxed in hydrochlori c acid (Elliott 
and McGriff, 1957). 
( ii) Triazanaphthalene series . 
o reaction occurred when 1,4, 5- or 1, 4 , 6-
triazanaphthalene was refluxed with - sodium carbonate 
in the dark for 12 hours in an atmosphere of nitro gen. 
However 1, L~, 6 -ttriazanaphthalene when refluxed with sodium 
carbonate in glycol f or 10 minutes at 150_160 0 yielded an 
, y _bi _l, 4 , 6 _ triazanaphthyl (45 % yield) whereas no reaction 
occurred when 1,4,5-triazanaphthalene was reflu ed unde r 
r 
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the same conditions for three hours. The same x , y-bi-
1,4,6-triazanaphthy1 (30% yield) was isolated after leaving 
1,4,6-triazanaphthalene in 10M- sodium cyanide for 24 hours 
o 
at 25 , but under similar conditions 1,4, 5 - triazanaphthalene 
again afforded no product . 
Attempts to determine the point of union of the two 
triazanaphthyl residues in the x ,y-bi-l,4, 6 - triazanaphthyl 
failed. The mass spectrum gave a molecular weight of 260 
but elucidation of the structure from the crackin g pattern 
was not possible. The nucle ar magnetic resonance spectrum 
in trifluoroacetic acid indicated that the compound was 
either 2 , 2'-bi - l , 4,6-triazanaphthyl (LIX) or 3 , 3' - bi -l, 4 , 6 -
triazanaphthyl (see Tabl e XX). 
TABLE XX 
u c l ear ma gneti c resonance spectrum of the x , y - bi -l, 4 , 6 -
triazanaphthyl (in trifluoroacetic acid) . 
~ ( p . p .m.) 
- 0 . 82 
- 0 . 27 
+ 0.83 
atur e of peak 
Sin g let 
Sin glet 
Quartet 
J = 13 c/sec 
"Iq 
J = 6 c/ s c 
57 
Assignment 
H atom in position 
2 or 3 . 
H at om in position 5 . 
H atoms in positions 
7 and 8 . 
lL'·5 
(LVI) 
(LlX) 
I 
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Oxidation of the bi-triazanaphthyl using hydrogen peroxide, 
nitric aCid)or c hromic acid gave no identifiable product. 
Further attempts with active spongy copper 
(without solvent, in cumene~ or in dimethyl formamide) , 
Raney nickel, c hromous sulphate , sodium and ether , or 
hydro genation over palladium supported on barium sulphate 
were unsuccessful in yielding a bi - triazanaphthyl from 
5 _ chloro-l , 4,6-triazanaphthalene. 5-Hydrazino-l, 4 , 6 -
triazanaphthalene was obtained from hydrazine and 5 - chloro -
1,4,6-triazanaphthalene; the action of phenylmagnesium 
bromide on 5_chloro_l»4 , 6 - triazanaphthalene yielded 
5 .• chloro_2,3 _diPhenyl -l, 2,3,4- tetrahydro -l, 4 , 6 - triazanaphthalene. 
With refluxing g lycol and sodium carbonate 5 - c hloro-l,4, 6 -
triazanaphthalene was transformed into 5 - ~ -hydroxyethoxy-
1,4, 6 - triazanaphthalene . 
(3) Experimental 
(i) Introduction . 
The information included in Section AV (1) 
in Part A is applicable. 
Infrared absorption spectra were measured with 
a Unicam S.P . 200 spectrophotometer using potassium bromide 
discs. 
Determination of the mass spectrum of the 
x,y_bi_l,4,6-triazanaphthyl was ~indly carried out by 
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Dr . Q. Porter at the University of Melbourne. 
(ii) Acridine serie s . 
N-Methylacridinium methosulphate was prepared 
(94 % yield) from acridine and dimethyl sulphate in 
nitrobenzene at 1600 according to Albert (1951) who gave 
95% yield . 
N-Methylacridinium halides. ~-Methylacridinium 
chloride dihydrate (93% yield; m.p. 1 79-1800 ), _-methyl -
acridinium bromide ( 73% yield; m.p. 200 _ 201 0 ) and 
methylacridinium iodide (67 % yield; m.p. 225_2260) were 
prepared by saturation of an aqueous solution of -methyl-
acridinium methosulphate with the appropriate sodium h a lide 
as described by Kaufmann and Albertini (190 9) who gave 
m.PQ 177 0 (chloride) and Kr8hnke and Honi g (1957) who g ave 
m.p. 1990 (bromide) and 2200 (iodide). 
Reductive coupling of acridine . Acridine (o Q6 g .) 
heated in 0 .125M-sodium carbonate in ethylene g lyco l (30 ml . ) 
(in the dark , under nitro gen) at 150-1600 for 7 hours, 
formed a colourless deposit . This , filtered off from 
the cooled suspension , gave biacridanyl (0 . 1 g . ; o m.p. 242-245 ) 
in an apparatus preheated to 230 0 (Lehmstedt and Hundertmark 
It gave a single spot (RF 0 . 8) 
on paper chromato graphy in butanol-5 - acetic acid (7:3). 
The infrar d spectrum ( ~ max 3330 ( H str.), 2 875 
J 
14 8 
(non-arom. CH str .) cm- l ) was identical to that of a 
specimen made by the action of Raney nickel on acridine 
in xylene accordin g to Badger and Sasse (1956). The 
filtrat e on refrigeration , yielded acridan (0. 09 g . ) of 
m.p. 162-1650 which had an infrared spectrum identical 
to that of an authentic sample prepared by the reduction 
of acridone with sodium and amyl alcohol according to 
Ullmann and Maag (1907). Addition of water to the glycol 
fi ltrate yie l ded mainly acridine (0.35 g .; m. p . 93 - 960 ), 
which was further identified by paper c hromato g raphy. 
Biacridyl (1 . 38 g . ), prepared by the action 
of phenylmagnesium bromide on 9 - chloroacridine dichloro -
phosphate (prepared according to Gleu and Schubert, 1 940), 
was reduced with zinc and hydro c hloric acid as described 
by Decker and Petsch ( 1 935) . The precipitate was dried 
and continuously extracted with benzene . Concentration 
of the extract gave crystals (0.53 g . ) which , extracted 
with 500 parts of boiling ethanol , le f t biacridanyl 
(0.08 g .; m.p. 243- 2440) , identical with the previous 
two specimens (infrared spectrum) . The ethanolic filtrate 
deposited pale orange crystals of 9 , 9 1-biacridylidene , 
m.p. >3500 (Decker and Petsch , 1 935 , gave m.p. 3920 ), 
) 6 ~l A max 3200, 3100 ( H str . , 3040 and 29 Ocm • The 
infrared spectrum of the crystals from the benzene extract 
was a combination of those of biacridanyl and biacridylidene . 
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Reductive coupling of 
-methylacridinium chloride. 
The dihydrate of this salt (0.5 g.) and -sodium hydroxide 
(40 mI . ) were refluxed (in the dark , under nitrogen) for 
12 hours. The precipitate was removed from the cooled 
suspension, washed with water (discarded), then extracted 
with boiling 5 - hydrochloric acid (30 mI . ) . The insoluble 
material (10 mg . ) was identified as N _ ' - dimethyl-9,9' -
biacridanyl by comparison of the infrared spectrum with 
that of an auth entic specimen prepared by the action of 
Raney nickel on - methylacridinium bromide in methanol 
according to Grigorovski and Simeonov (1951) . In a 
second experiment the precipitate was separated by steam 
distillation into - methylacridan (0 . 05 g.) and 
~-methylacridone (0.10 g . ) . The _~methylacridan (steam 
volatile) had m.p . 92 - 94 0 and an infrared spectrum identical 
to that prepared by the reduction of - methylacridone with 
sodium and amyl alcohol . The _ - methylacridone had m. p . 
196_1980 and an infrared spectrum identical to that 
prepared by the oxidation of the pseudo - base of _ -methyl -
acridinium methosulphate with chromic acid as described 
by Lehmstedt and Hundertmark (1931). 
_-Methyl acridinium chloride dihydrate (2 g . ) and 
0 . 125M- sodium carbonate in ethylene glycol (100 mI . ) were 
heated ( at 1000 , in t h e dark , under nitrogen) for 8 hours. 
~'-Dimethylbiacridanyl , whic h was deposited from the 
o 
c oo l ed liquid , had m. p . and mi ed m.p . 270-27 1 , and the 
r 
150 
infrared spectrum was identical with that of an authentic 
specimen (Found: C , 
requires: C , 86 . 6; 
86 . 7; 
H, 6 . 2; 
H,6.1; N , 7·1. C28H24N2 
Yield was 55%. 
Oxidation of N _'-dimethylbiacridanyl. ,_ 
Dimethylbiacridanyl (0.25 g .) was refluxed with a solution 
of iodine (0.4 g .) in chloroform for 30 minutes. 
Crystallisation of the precipitate from ethanol yielded 
~-methylacridinium iodide (m.p. 223-2250) whose ultraviolet 
spectrum (in H20) was identical to that of an authentic 
specimen . 
Reduction of '-dimet hylbiacridanyl. ' -
Dimethylbiacridanyl (0.16 g . ) was refluxed in ethylene 
g lycol (25 ml.) for 12 hours, in the dark under nitrogen. 
Addition of water to the cooled solution afforded 
methylacridan (0.12 g .; m.p. 90- 92 0 ) which had an infrared 
spectrum identical to that of authentic material. 
Reductive acetylation of acridine. Zinc dust 
(4.0 g .) was added in portions during 1.5 hr. to a refluxing 
solution of acridine (5.0 g .) in acetic anhydride (32 ml.). 
Refluxing was continued for 0 . 5 hour after the addition. 
The solid residue was removed from the cooled solution; 
washed with water, alcohol , and ether (in that order); 
and then continuously extracted with boiling dimethylformamide 
for 12 hours. Refri geration of the dimethylformamide 
extract (concentrated to 25 ml.) yielded white crystals of 
1 51 
~ ~ ' -diacetylbiacridanyl (0 . 25 g . ) , m.p. 306 - 307° , (Found : 
C , 80 . 6 ; H, 5 . 9 ; N , 6 . 3. 
H, 5 . 4; N , 6 . 3%) . The infrared spectrum indicated the 
presence of an acetyl group and a non-aromati c ' CH- function 
./ 
and there was no peak assignable to an H stretching frequency. 
The compound was neither _- acetylacridan (m . p . 152°; 
Blout and Corley, 1 947) nor5-ac ridylmethyl ketone (m . p . 
1 09° ; Eisleb , 1 938) . Addition of water to the dimethyl-
formamide fi l trate yielded acridan (3 . 5 g .; m.p. 16 8-169°) 
which had an infrared spectrum identical to that of 
authentic material. 
(iii) Triazanaphthal ene series . 
1,4,5-Triazanaphthalene (m.p. 1 44-146°) was 
prepared (50 % yield ) from commercial 2 , 3-diaminopyridine 
and g lyoxal according to Leese and Rydon (1 955) who gave 
° m.p. 146 and 51% yield . 
4 - Hydroxy- 3 -nitropyridine (m.p. 277 - 279°) was 
prepared ( 50% yield) by the nitration of 4-hydroxypyridine 
as described by Albert and Barlin (1963) who gave m. p . 
275 - 277° and 61% yield . 
4-Ethoxy-3-nitropyridine hydrochloride was 
prepar d ( 88% yie l d) by the ethanolysis of 4 - chloro - 3 -
nitropyridin formed by the action of phosphorus penta -
c hloride and phosphoryl c hloride on 4 -hydroxy- 3-nitropyridine , 
I 
152 
as described by Koenigs and Freter (1924). Clark-Lewis 
and S ing h (1962a) gave 98% yield. 
4-Amino - 3-nitropyridine (m.p. 202-2040 ) was 
prepared (84% yield) by the action of aqueous ammonia 
on 4-ethoxy-3-nitropyridine hydro chloride under pressure 
as described by Clark-Lewis and Singh (1962a) who gave 
m.p. 2040 and 98% yield. 
3 , 4 - Diaminopyridine (m.p. 214 _2160 ) was prepared 
( 84% yield) by the hydro genation of 4-amino-3-nitropyridine 
in methanol using 5% palladium-charcoal as catalyst 
according to Albert and Barlin (1963) who gave m.p . 215 0 
and 85% yield. 
1,4,6-Triazanaphthalene (m.p . 99 -1000) was 
prepared (56 % yield) from 3 , 4-diaminopyridine and g lyo xal 
as described by Albert and Pedersen (1956) who gave 
m. p. 97 0 and 50% yield. 
Oxidative coupling of 1,4,6-triazanaphtha lene. 
1,4,6-Triazanaphthalene (2.2 g . ) in 10M-sodium cyanide 
o (33 mI.) was left at 25 for 24 hours. The precipitate 
was was h ed with water, dissolved in the minimum quantity 
of boiling glacial acetic acid , filtered , cooled , added 
to 4 times its volume of water and refrigerated . The 
suspension was centrifuged and the precipitate recrystallised 
from pyridine to yield an x , y_bi_l , 4 , 6 -triazanaphth yl 
( 0 . 65 g .; m.p. 329- 3300 ) m.p. 330~33lo after sublimation 
(Found: C , 64 . 8; H , 3 . 4; , 32.3. 
1 
1 53 
, 32 . 3%) • 
Mo l ecular weigh t (from mass spectrum) was 260 ( C
14
H
8 
6 
requires 260) . The crude and re - subl imed material had 
the same infrared spectrum. 
1,4, 6 - Triazanaphthalene (0 . 4 g . ) and 0 .125M -
sodium carbonate in ethylene glycol (6 ml.) were heated 
at 1 50-160 0 for ten minutes under nitrogen. The 
precipitate (0.18 g . ) was the same x , y -b i -l, 4 , 6 - triazanaphthyl . 
Both specimens had identical infrared spectra and m.p. 
and mixed m.p. o 330- 331 • 
3 , 4 - Diamino - 2 - c hloropyridine. The method of 
Bremner (1935) was g reatly simplified . 4 - Amino - 3 -
nitropyridine (6.0 g . ), stannous chloride dihydrate (48 g .), 
and con centrated hydrochloric acid (100 ml.) were heated 
at 1000 for 30 minutes. The cooled solution was diluted 
with water (200 ml.), evaporated to low volume , adjusted 
to pH 13 , and extracted with chloroform to yield 2 - chloro-
3 , 4 - diaminopyridine (53 %); o m.p. 157-158 • Bremner (1935) 
gave m.p . 157-15 8 0 and Tal ik and Plazek (1956), proved the 
structure of the compound . 
5 - Chloro-l,4,6-triazanaphthalene. 2-Chloro - 3 , 4 -
diaminopyridine (2.1 g . ) , g lyo al monohydrate (1 . 47 g .), 
and ethanol (105 ml.) were refluxed for 2 hour s . The 
ethanol was evaporated and the residue on crystallisation 
from li ght petroleum yielded 5 - chloro-~,6-triazanaphthalene 
154 
73% yield; m.p. 138-1390) . 
(1962b) gave m. p . 139_1400 • 
Clark-Lewis and Singh 
The action of pheny1magnesium bromide (one 
molar proportion) on 5 - ch10ro -1, 4 , 6 -triazanaphtha1ene in 
ether, yielded 5~ch10ro - 2 , 3-dipheny1 -1, 2 , 3 , 4 -tetrahydro-
1,4,6-triazanaphtha1ene. (12% Yield; o m. p. 190-1 91 ex 
aqueous ethanol) . (Found: C , 70 . 5; H , 4 . 9; C1, 10. 9 ; 
N , 13.2. 
N ,13.1%). The action of 0.125M - sodium carbonate on 
5 - ch10ro-1 , 4,6-triazanaphtha1ene (4 . 5 hours at 1000 ) after 
extraction with chl oroform yielded 5-~-hydroxyethoxy- 1 , 4 , 6 -
triazanaphtha1ene (15%), m. p. 132-1330 (from light petroleum 
(Found: C , 56 . 3; H , 4 . 9 ; , 21. 7 ; 
, 22 . 0%) . The action 
of ref1uxing ethano1ic hydrazine (1 hour) on 5-ch10ro-
1,4, 6 - triazanaphtha1ene yielded on coo ling 5-hydrazino -
1 , 4 , 6 - triazanaphtha1ene (37% yield; m. p . 200 _201 0 (~ 
ethanol) . (Found: C , 52 . 5; H , 4 . 6; , 43 . 4. 
requires C , 52 . 5; H , 4 . 4; , 43 . 5%) . 
155 
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865. Acridine Syntheses and Reactions. Part V 11.1 Some 
Binuclear A cridines 
By ADRIEN ALBERT and GORDON CATTERALL 
"Vhen acridines are heated under reflux with sodium carbonate in 
ethylene glycol. the corresponding biacridanyls are produced. 
THE literature provides a few examples of the dimerisation of a heteroaromatic ring, by 
acid or alkali, to the corresponding biylidene of type (I). Typical monomers giving this 
reaction are 2- and 6-hydroxypteridine,2 and ethyl l ,2-dihydro-1 -methyl-2-oxo-1,4,5-tri-
azanaphthalene-3-carboxylate.3 
To extend this reaction, we heated acridine and also N-methylacridinium chloride with 
acid and with alkali . No reaction occurred when acridine was refluxed with N-hydrochloric 
acid (alone, or in the presence of zinc chloride). or with N-ethanolic potassium hydroxide, 
in the dark for 12 hr. in an atmosphere of nitrogen. However, refluxing similarly with 
sodium carbonate in ethylene glycol gave a mixture of acridan (14%) and biacridanyl 
(9,9' ,l0,l0'-tetrahydro-9,9'-biacridyl) (17%) . Biacridanyl was also obtained as a by-
product in the reduction of biacridyl (II) with zinc and hydrochloric acid, a reaction hitherto 
supposed to give 9,9' -biacridylidene exclusively .4 
V 
6 N 
H 
(I) 10 " (II ) N 
N-Methylacridinium chloride was unchanged by refluxing with N-hydrochloric acid, 
whereas N-sodium hydroxide produced NN'-dimethylbiacridanyl (3%) as well as N-methyl-
acridan (12'5%) and N-methylacridone (25%), the last two substances arising by the Pictet-
Patry disproportionation 5 of the p eudo-base of the starting material. More interestingly, 
a 55% yield of NN'-dimethylbiacridanyl was obtained by heating N-methylacridinium 
chloride with sodium carbonate in ethylene glycol at 100° (heating in glycol alone produced 
no change). 
The production of biacridanyls (instead of the expected biacridylidenes) from acridines 
involves a reductive step (one hydrogen atom per acridine nucleus). 
Two new reaction of N N' -dimethylbiacridanyl were noted: heating in glycol under 
nitrogen at 200° reduces it to N-methylacridan, and refluxing it with iodine in chloroform 
oxidises it to N-methylacridinium iodide. 
EXPERIMENTAL 
Condensation of Acridine.-Acridine (0'6 g.), heated in 0·25N-sodium carbonate in 
ethylene glycol (in the dark, under nitrogen, at 150- 160°) for 7 hr. , formed a colourless 
deposit. This, fi ltered off from the cooled suspension, gave biacridanyl (0·1 g.), m. p. 242-245° 
(decomp.) in an apparatu prehea ted to 230° (lit .. 6 247°). It gave a single spot (RF' 0'8) on paper 
chromatography in butanol- 5 -acetic acid (7 : 3). The infrared spectrum [vrnax. 3330 ; (NH str.), 
2875 (non-arom. CH str.) cm.- I ] was identical with that of a specimen made by the action of 
Raney nickel on acridine in xylene. 7 The filtrate, on refrigeration, deposited a precipitate which, 
recrystallised from dilute ethanol, gave material (0·09 g.). m. p. 162-165°, the infrared spectrum 
of which corresponded to that of an authentic specimen of acridan. 
Biacrid yl (1·38 g.), prepared by the action of phenyl magnesium bromide on 9-chloroacridine 
dichlorophosphate.8 wa reduced with zinc and hydrochloric acid ;4 the precipitate was dried 
and continuously extracted with benzene. Concentration of the extract gave crystals (0·53 g.) 
which, extracted with 500 parts of boiling ethanol, left biacridanyl (0·08 g.), m . p . 243-244° 
(decomp.) , identical with the above two specimens. The ethanolic filtrate deposited pale 
orange crystals of 9,9'-biacridylidene, m . p. > 350° (lit.,' 392°), vIl1RX• 3200, 3100 (NH str.), 
3040, and 2960 cm.-1 . The infrared spectrum of the crystals from the benzene extract was a 
combination of those of biacridanyl and biacridylidene. 
Condensation of N-Methylacridinium Chloride.-The dihydrate of this salt (0'5 g.) a nd N-
sodium hydroxide (40 mI.) were refluxed (in the dark, under nitrogen) for 12 hr. The precipitate 
was removed from the cooled suspension, washed with water (discarded), then extracted with 
boiling 5N-hydrochloric acid (30 mI.) . The insoluble material (10 mg.) was identified as 
N N' -dimethyl-9, 9'-biacridanyl by comparison of the infrared spectrum with tha t of an authentic 
specimen. 9 
N-Methylacridinium chloride dihydrate (2 g.) and a 0·25N-solution of sodium carbonate in 
ethylene glycol (100 mI.) were heated (at 100°, in the dark, under nitrogen) for 8 hr. NN'-Di-
methylbiacridanyl (0·8 g.), which deposited from the cooled liquid , had m . p. and mixed Ill . p. 
270-271°, and the infrared spectrum was identical with that of an authentic specimen 9 
(Found: C, 86'7 ; H , 6·1 ; N, 7· 1. Calc. for C28H 2• 2: C, 86·6 ; H , 6·2; ,7,2%). The picrate 
(from ethanol) had m . p. 187- 188° (decomp.). 
The infrared spectra (KBr discs) were taken with a Unicam S.P. 200 spectrophotometer. 
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